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(54) Exposure apparatus and method 

(57) An projection exposure apparatus and method 
for illuminating a transfer pattern and forming an image 
upon a mask (R) for exposure from the illumination light 
(IL) and transfer exposing the image of the pattern of 
the mask (R) under the illumination light (IL). Switching 
is performed between a normal illumination condition 
and a modified illumination condition based upon the 
numerical aperture of the illumination light (IL); wherein 
the normal illumination condition occurs when the light 
quantity distribution at the illumination pupil plane is in a 
first region, including the optical-axis (AX); and the mod- 
ified illumination condition occurs when the light quan- 
tity distribution at the illumination pupil plane is in a 
second region, not including the optical-axis (AX) and 
whe rein the pupil plane is an optical Fourier conversion 
surface of a pattern surface of the mask (R) in an illumi- 
nation system. 
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Descripti n 

Field of the Invention 



This invention relates to an exposure method and an exposure device for transferring a mask pattern to a photo- 
sensitive substrate during a photolithography process for manufacturing such things as semiconductor elements imag- 
ing elements (such as CCDs), liquid crystal display elements, or thin-film magnetic heads. 

Discussion of the Related Arf 
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During the manufacture of semiconductor elements an exposure device transfers an image of a pattern to a reticle 
The reticle which acts as a mask, transfers the image to a wafer which is coated with photoresist, forming a photosen- 
sitive substrate by the projection exposure system. In the past, projection exposure devices of the collective exposure 
type, such as steppers, have been used as exposure devices. In recent years the projection exposure method of the 
scanning exposure type, such as the step-and-scan method where a reticle and a wafer is scanned in sync by the pro- 
jection exposure system which allows the transfer of large-area patterns without overly stressing the projection expo- 
sure system has been gaining attention. 

Figure 13 shows a schematic diagram of an example of a conventional projection exposure device where the illu- 
mination light from the illumination optical system 101 illuminates the pattern formation region of the pattern formation 
surface (bottom surface) of the reticle (R). Under that illumination light, the projection image, where the pattern is 
formed upon reticle (R) is reduced a designated magnification by the projection exposure system 102, exposes the pho- 
toresist coated on wafer (W) under the illumination light. The numerical aperture of projection exposure system 102 is 
defined by the aperture diaphragm 103. By developing the photoresist, the projected image appears as a raised resist 
pattern. However, to increase the resolution of the image, has in the past, required expensive and inconvenient light 
25 sources and exposure devices. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a projection exposure apparatus and method that substantially 
obviates one or more of the problems due to limitations and disadvantages of the related art. 

To achieve these and other advantages and in accordance with the purpose of the present invention, as embodied 
and broadly described, a projection exposure method includes the steps of illuminating a transfer pattern and forming 
an image of the transfer pattern upon a mask for exposure from an illumination light and transfer exposing the image of 
the pattern of the mask under the illumination light onto a photosensitive surface. Selectively switching between a nor- 
mal illumination condition and a modified illumination condition based upon a numerical aperture of the illumination 
light, wherein the normal illumination condition occurs when a light quantity distribution at an illumination pupil plane is 
in a first region including an optical-axis, and the modified illumination condition occurs when the light quantity distribu- 
tion at the illumination pupil plane is in a second region not including the optical-axis. 

A further object of the invention is to provide a projection exposure apparatus and method for illuminating a transfer 
pattern and forming an image of the transfer pattern upon a mask for exposure from an illumination light and transfer 
exposing the image of the pattern of the mask under the illumination light. Switching a projection condition for changing 
a numerical aperture of the illumination light and switching an illumination condition between multiple illumination con- 
ditions, wherein a normal illumination condition occurs when a light quantity distribution at an illumination pupil plane is 
in a first region including an optical-axis, and a modified illumination condition occurring when the light quantity distri- 
bution at the illumination pupil plane is in a second region not including the optical-axis. 

Another object of the present invention is to provide a luminous flux splitting system which splits the illumination 
light for exposure into a first and a second luminous flux wherein the first luminous flux magnification system for 
spreading a cross section of the first luminous flux in a ring shape, and a second luminous flux magnification system for 
spreading a cross section of the second luminous flux in a ring shape; and a luminous flux synthesis system which syn- 
thesizes the luminous flux from the first and second luminous flux systems in front of the illumination pupil plane 
wherein the switching of the illumination condition guides the luminous flux synthesized in the luminous flux synthesis 
system to the illumination system pupil system and carries out an annular illumination when the modified illumination 
condition is set. 

A still further object of the present invention provides a projection exposure apparatus and method for illuminating 
a transfer pattern and forming an image of the transfer pattern upon a mask for exposure from an illumination light and 
transfer exposing on a photosensitve circuit board, from an illumination light, detecting an image of a position matching 
mark on the photosensitive substrate under the illumination light, position matching and aligning the photosensitive sub- 
strate based on a detection result, transferring the image formed on the mask and exposing the photosensitive sub- 
strate under the illumination light, and switching an alignment optical system between two detection conditions based 
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upon a numerical aperture of the illumination light, wherein the projection exposure system is equipped with two condi- 
tion detectors, a normal condition detector where an imaging luminous flux is uniformly transmitted on an alignment 
system pupil plane and an outline emphasis detector, which carries out outline emphasis by transmitting the imaging 
luminous flux at a designated distribution on the alignment system pupil plane. 
5 A still further object of the present invention provides a projection exposure apparatus and method for transferring 

a transfer pattern by an exposure illumination light onto a mask, transfer exposing the transfer pattern onto a circuit 
board coated with a photosensitive material under the exposure illumination light for exposure, controlling an integrated 
exposure quantity of the exposure illumination light according to the thickness of the photosensitive material coated on 
the circuit board. 

10 A final object of the present invention provides a projection exposure method including the steps of transferring a 
transfer pattern by an exposure illumination light onto a mask, transfer exposing the transfer pattern onto a circuit board 
coated with a photosensitive material under the exposure illumination light for exposure, controlling a switching opera- 
tion of a numerical aperture of the projection exposure system according to thickness of the photosensitive material 
coated on the circuit board. 

75 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram depicting the projection exposure device of one embodiment of the exposure 
method and device according to this invention; 

20 

Figure 2(a) is a planar view depicting the composition of a splitting prism plate and the detection system of the pro- 
jection exposure device; 

Figure 2(b) is a right side view depicting the composition of the splitting prism plate and the detection system of the 
25 projection exposure device; 

Figure 2(c) is a cross sectional view along line AA of Figure 2(a); 

Figure 3 is schematic diagram depicting the construction of the beam attenuation unit 2 of Figure 1 ; 

30 

Figure 4(a) is a side view depicting a flyeye lens 13 of Figure 1 for the annular illumination; 

Figure 4(b) is a planar view depicting a flyeye lens 13; 

35 Figure 5 is an optical path diagram depicting the composition of the input optical system 5B of Figure 1 ; 

Figures 6(a)-6(d) depict the illuminance distribution for the illumination light at each point of the input optical system 
5B of the projection exposure device; 

40 Figure 7(a) depicts the composition of a diaphragm unit 1 5 of the projection exposure device; 

Figure 7(b), the radius r p of the aperture for annular illumination; 

Figure 8 is an oblique view of the projection exposure device depicting the schematic composition of the alignment 
45 sensor 50; 

Figure 9 is an oblique view depicting the (FIA) system 51 A of Figure 8; 

Figure 10 is an oblique view depicting the(LIA) system 51 B of Figure 8; 

50 

Figure 1 1 (a) depicts a simplified schematic diagram by removal of the mirrors from the (FIA) system 51 A of Figure 
9; 

Figure 1 1(b) depicts illumination system aperture diaphragm plate 161 with the normal o diaphragm 166A, annular 
55 a diaphragm 166B, and modified a diaphragm 167C comprised of four circular aperture offsets from the optical- 
axis; 

Figure 1 1 (c), depicts illumination system aperture diaphragm plate 161 with the normal a diaphragm 167A, annular 
a diaphragm 167B, and modified a diaphragm 167C comprised of four circular aperture offsets from the optical- 
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axis; 

Figure 12(a), depicts a two-dimensional mark (a mark used for both X-axis and Y-axis) composed of three protrud- 
ing or receding marks at different spacing in both the X and Y-directions; 

5 

Figure 12(b) depicts the imaging signal SY obtained when the large circular a diaphragm 166A and aperture dia- 
phragm 167A are utilized; 

Figure 12(c) depicts the imaging signal SY obtained when the annular a diaphragm 166B and aperture diaphragm 
10 1 67B or modified a diaphragm 1 66C and aperture diaphragm 1 67C are utilized; 

Figure 13 is a schematic diagram depicting a conventional projection exposure device; 

Figure 14 is a schematic diagram depicting the resist thickness measurement device 46 in Figure 1; 

75 

Figure 15(a) depicts a partial expanded view indicating the optical path of the measurement light illuminating the 
wafer and photoresist from the resist thickness measurement device 46; 

Figure 1 5(b) depicts an optical path diagram indicating how the interference band is formed from the returning light 
20 from the wafer and photoresist on the imaging surface 84a of the imaging element; 

Figure 16(a) depicts the interference band formed upon the imaging surface and the imaging signal corresponding 
to this interference band; 

25 Figure 1 6(b) depicts the interference bands, at the imaging surface 84a on the imaging element 84, of the returning 
light from the photoresist and the wafer and also shows the dark interference bands 85 formed in a concentric man- 
ner; 

Figure 1 7(a) is a planar view depicting the wafer coated with photoresist; 
Figure 1 7(b) is a side view depicting the wafer coated with photoresist; 

Figure 18(a) is a planar view depicting the resist thickness on measurement point RD1-RD3 on the wafer; 

Figure 18(b) is a planar view depicting the measurement point of the resist thickness RD4 in the shot area SA; 

Figure 18(c) is a planar view depicting the measurement points RD5-RD7 used when the resist thickness within 
shot area SA is read-ahead; 

40 Figure 19(a) is a planar view depicting illuminance distribution correction plate 9 in Figure 1 ; 

Figure 19(b) is a depicts the transmission rate T for the inclination angle of the illumination light incident on illumi- 
nance distribution correction plate 9. 

DETAILED D ESCRIPTION OF THE PREFERRED EMBODIMENTS 

The resolution R and depth of focus (D) of the image of a pattern on reticle (R), which is image projected on the 
wafer (W) is given by the following equations: 

50 R^k^X/NA (1) 

D=k 2 *aVNA 2 (2) 

The variables ^ and are process coefficients (referred to as the "k factor" hereafter), X is the wavelength of the 
55 projection illumination light, and NA is the numerical aperture of projection exposure system 102. As indicated in Figure 
1 3, if the aperture half-angle of the imaging luminous flux of the wafer side (image side) of the projection exposure sys- 
tem 102 is designated as e PL2 and the gas around it is air, then the numerical aperture (NA) can be described by sin 
9 PL2 . If the projection magnification of the projection exposure system 102 from the reticle (R) to the wafer (W) is des- 
ignated as p (p is 1/5 or 1/4, etc.), and the aperture half angle of the imaging luminous flux by the projection exposure 
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system 102 on the reticle side (object side) is designated as 6 PL1 , then the following relationship exists between the 
aperture half angle 0 PL2 and e PL1 . 

sin 6 PL1 = p * sin 6 PL2 = p * NA (3) 

5 

Only the diffracted light from reticle (R) with a diffraction angle of 0 P li or less would contribute to the imaging of the 
projected image of the pattern of the reticle (R) as described by equation (3). 

Furthermore, if the aperture half angle of the reticle (R) for exposure from the illumination optical system 101 is des- 
ignated as 6 tL , and the coherence factor, i.e. ratio of the aperture number (sin 6||_) of the injection side of the illumination 
10 optical system 101 against the aperture half angle (sin 0 PL1 ) of the illumination angle, is designated as a (a value), then 
the aperture half angle 0| L of the illumination light can be described by equation (4) as follows using equation (3). Fur- 
thermore, the range of a value is 0£ a £ 1 . 

sin 9 , L m a * sin e PL1 = a * p * NA (4) 

15 

The value of the k factor k 1 and k 2 , which determines the resolution R and depth of focus (0), changes depending 
upon the a value which is the coherence factor. The value of k factor k 1 and k 2 also change by switching the illumination 
optical system 101 from the normal illumination method, where the shape of the secondary light source to the so-called 
modified illumination is composed of multiple light sources set concentrically from the optical-axis or annular light 
20 sources. The k factors k 1 and kg also change, concurrently, by the placing a designated optical filter (so called pupil fil- 
ter) on the pupil plane of the projection optical system 102. Furthermore, the value of the k factors k-, and kg change 
when the so-called phase shift reticle, which contributes designated phase differences to a periodic pattern or so-called 
half tone reticle, which contributes a designated transparency distribution within a period pattern, is used as the reticle 
(R). With the conditions described above, the k factors k| and k 2 change within the range given below. 

25 

0.45 zk^ <;0.6, 0.7 £ k 2 <; 2.0 ,V (5) 

Therefore, by employing the various conditions described above, exposure conditions with a large depth of focus 
(D) and a high resolution R are used corresponding to the exposure subject device. 

30 The depth of focus (D) is given by equation (2). However, by designating the focus control accuracy as Cp which is 
the accuracy when the wafer is focused using the auto-focus method on a projection exposure device, and designating 
the step-difference of the base pattern under the photoresist on the wafer (referred to as the "mark step difference" 
hereafter) as D M , the width (D-C F -D M ) obtained by subtracting focus control accuracy C F and mark step difference D M 
from depth of focus (D) gives the effective depth of focus that can be used by the operator of the projection exposure 

35 device, i.e. the usable depth of focus. 

In reality, rf the thickness of the photoresist (resist thickness) on the wafer is designated as T R , then in order to 
obtain a good resist pattern after developing the photo resist, the width (necessary width of depth of focus for exposure) 
obtained by multiplying the resist thickness T R by a designated coefficient Ku D less than 1 , needs to be within the usa- 
ble width of the depth of focus. Therefore, width T R * K UD , obtained by multiplying the resist thickness T R by the coeffi- 

40 cient K UD , is referred to as the usable depth of focus (UDOF) hereafter. Based on these factors, the focal depth (D) of 
equation (2) needs to be wider than the sum of focus control accuracy C R the mark step difference D M , and the usable 
depth of focus UDOF (T R * K UD ). Equation (6), below is referred to as the "condition regarding the permissible range of 
the depth of focus". 

45 C F + D M + T R *K UD = k 2 * A, / NA 2 (6) 

As a general example, if the i-line (A.=365 nm) of the mercury lamp is used as an exposure illumination light, 0.55 
is used as the k factor kj , and the numerical aperture (N A) of the projection exposure system is designated as NA-, for 
setting the resolution R to 0.4 ^m, which projects an image of the line and space pattern {US pattern) of a line width of 
so 0.4 inn corresponding to a 64 M-bit DRAM pattern projected onto the wafer, then according to equation (1) the numer- 
ical aperture NA-, becomes: 

0.4 = 0.55 * 0.365 / NA 1 (NA 1 = 0.50) (7) 

55 Furthermore, when the mark step difference D M of the wafer (W) is designated as 0.8 jim, resist thickness T R as 1 
lim, coefficient K UD , which sets usable depth of focus UDOF as 0.7, k factor k 2 as 2.0, and numerical aperture (NA 2 ) of 
the projection exposure system which satisfies the condition regarding the permissible range of the depth of focus as 
NA 2 , then the numerical aperture NA becomes: 
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0.5*0.8+1 * 0.7^2.00 * 365/NA 2 2 ; (N A 2 <;0.60) 



(8) 



Equations (7) and (8) define the concfition for the numerical aperture (NA) of the projection exposure system for the 
manufacture of a pattern on a 64 M-bit DRAM using the i-line of a mercury lamp when 0.5 <, NA <, 0.6. Also, in order to 
set the k factor k-, and k 2 to the values described above, it is desirable that the coherence factor a value be set to 
approximately 0.7 £ o <, 0.8. Furthermore, for periodic patterns, it is conventional knowledge that resolution can be 
improved without narrowing the depth of focus by employing the modified illumination method where the geometry of 
the secondary light source of the illumination optical system is set to be a multiple light source or an annular light source 
(annular illumination method) which are offset from the optical-axis. There have been attempts at employing such a 
modified illumination method to increase the resolution. Note that the modified illumination method may be limited to an 
illumination method comprised of multiple light sources whose geometry of the secondary light source is offset from the 
optical-axis under a narrow definition. However, the modified illumination method will include the annular illumination 
method in this detailed description. 

As described above, by using i-line of a mercury lamp as the illumination light for exposure and setting the numer- 
ical aperture (NA) of the projection exposure system as 0.5 <> NA <, 0.6. it is possible to transfer images of patterns with 
a circuit pattern corresponding to a 64 M-bit DRAM, i.e. with resolution R of 0.4 urn, at a high accuracy. Furthermore, 
in recent years the manufacturing of a 256 M-bit DRAM, which is the next generation semiconductor device, is starting 
up, so that there is a need to improve the resolution to the order of 0.25 urn. In order to increase resolution R, the wave- 
length X of the exposure illumination light can be shortened, or the numerical aperture (NA) for the projection exposure 
system can be increased. 

However, if the wavelength X is simply shortened or the numerical aperture (NA) increased, the depth of focus (D) 
in equation (2) becomes narrower, so that the condition regarding the permissible range of the depth of focus of equa- 
tion (6) is no longer satisfied. Since the depth of focus (D) decreases in inverse proportion to the square of the numer- 
ical aperture (NA), as can be seen from equation (2), the idea of expanding the numerical aperture (NA) even further 
has not been considered. Therefore, in the past, KrF excimer laser light source (exposure wavelength X = 248 nm) was 
used as an exposure light source, gaining a resolution R of 0.25 pm, and also satisfying the condition regarding the per- 
missible range of the depth of focus of equation (6), along with (a) introducing techniques for wafer flattening and (b) 
improvement in focus control techniques. 

The wafer flattening technique of (a) is a technique for increasing the flatness of the wafer surface using physical 
or chemical means in order to decrease the curvature of the wafer or the step difference of the circuit pattern. This 
decreases the mark step difference D M to the order of 0.1 nm from the 0.8 jim historically. Improvement in the focus 
control technique of flattening technique (b) has improved focus control accuracy C F to the order of 0.4 nm from 0.5 \im 
historically. Estimating the numerical aperture (NA) of the projection exposure system under these exposure conditions, 
the numerical aperture NA 1 that satisfies equation (1) becomes as follows wfth the k factor k., set to 0.55: 



The numerical aperture NAg which satisfies the condition regarding the permissible range of the depth of focus of 
equation (6) is given below in equation (10). Note that k factor k2 is now 1.7 since the line width has decreased, while 
the coefficient Kyo which determines the usable depth of focus UDOF remains at 0.7. 



In other words, the range of the numerical aperture (NA) under this exposure condition becomes approximately 
0.55 £ NAg ^0.6. In order to further improve resolution, without narrowing the depth of focus, parallel use of the modified 
illumination method or half-tone reticle is considered as well. 

However, if the exposure light source is switched from a mercury lamp to a KrF excimer laser light source in order 
to manufacture semiconductor devices corresponding to a 256 M-bit DRAM, the projection exposure device itself 
becomes expensive. This is inconvenient, since the cost benefit analysis makes if difficult to justify the additional invest- 
ment. 

Currently there are plans for developing a device using the ArF excimer laser light source (wavelength X of 103 nm) 
as the projection exposure device for forming the circuit pattern corresponding to a 1 G-bit DRAM, which is the next 
generation semiconductor device. There are plans for the development of devices using an exposure illumination light 
of shorter wavelength, such as X rays for use as the projection exposure device for forming circuit patterns correspond- 
ing to a 4 G-bit DRAM. In other words, the mainstream school of thought is to employ an exposure illumination light of 
a shorter wavelength to manufacture semiconductor devices of the next generation. However, if the exposure light 
source is switched in order to make the exposure illumination light of a shorter wavelength, the manufacturing cost of a 
projection exposure device increases dramatically, which is inconvenient since the cost benefit analysis worsens even 
further. 



0.25 = 0.55 * 0.248/NA 1 ; (NA 1 = 0.55) 
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(54) Exposure apparatus and method 

(57) An projection exposure apparatus and method 
for illuminating a transfer pattern and forming an image 
upon a mask (R) for exposure from the illumination light 
(IL) and transfer exposing the image of the pattern of 
the mask (R) under the illumination light (IL). Switching 
is performed between a normal illumination condition 
and a modified illumination condition based upon the 
numerical aperture of the illumination light (IL); wherein 
the normal illumination condition occurs when the light 
quantity distribution at the illumination pupil plane is in a 
first region, including the optical-axis (AX); and the mod- 
ified illumination condition occurs when the light quan- 
tity distribution at the illumination pupil plane is in a 
second region, not including the optical-axis (AX) and 
whe rein the pupil plane is an optical Fourier conversion 
surface of a pattern surface of the mask (R) in an illumi- 
nation system. 
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In response to such problems, this invention aims to provide an exposure method which increases resolution and 
satisfy the conditions regarding the permissible range of the depth of focus, without reducing the wavelength of the 
exposure illumination light. In other words, this invention provides an exposure method which is capable of forming pat- 
terns corresponding to the next generation 256 M-bit DRAM using the Mine of mercury lamps, and patterns correspond- 
5 ing to a 1 G-bit DRAM using the KrF excimer laser light, and patterns corresponding to a 4 G-bit DRAM using the ArF 
excimer laser light. Furthermore, this invention aims to provide an exposure device which can perform such an expo- 
sure method. 

It is to be understood that both the foregoing detailed description and the following general description are exem- 
plary and explanatory and are intended to provide further explanation of the invention as claimed. 

w The exposure device and method according to this invention relates to an exposure device and method which illu- 
minates the transfer pattern formed upon mask (R) by illumination light (IL) for exposure from illumination optical system 
(1-4, 5A, 10-12), then transfer exposes the image of the pattern of mask (R) onto the photosensitive substrate (W) by 
the projection exposure system (PL) under the illumination light. It is configured with a normal illumination condition 
having light quantity distribution at the illumination system pupil plane in the first region (75A, 75B) which includes the 

75 optical-axis (AX) and with the modified illumination condition where the light quantity distribution is in the second region 
(75C, 75D) which does not include the optical-axis (AX), and it selectively switches the illumination optical system 
between the normal and modified illumination conditions depending upon the numerical aperture of the projection expo- 
sure system (PL). 

The present invention projects the pattern of mask (R) onto the circuit board (W) coated with photosensitive mate- 

20 rial under the illumination light (IL), and controls the integrated exposure quantity of the exposure illumination light (IL) 
based on the thickness of the photosensitive material coated on the circuit board (W). 

In order to improve the resolution of the image to be transferred and the projection exposure system is to be used 
according to the present invention, the numerical aperture (NA) of the projection exposure system in equation (1) is 
increased rather than shortening the wavelength X of the exposure illumination light. However, if the numerical aperture 

25 (NA) is simply increased and the depth of focus (D) is narrowed in inverse proportion to its square from equation (2), 
the condition regarding the permissible range of the depth of focus of equation (6) is no longer satisfied. Therefore, in 
order to meet the condition regarding the permissible range of the depth of focus in this invention the numerical aperture 
(NA) is increased in the under exposure condition where the thickness T R of the photosensitive material (photoresist) 
in equation (6) is thin, the usable depth of focus UDOF (=T R * K UD ) is narrow, and the mark step difference D M , which 

30 is the step difference of the foundation pattern, has been reduced using a flattening technique for the circuit board. 

If the numerical aperture (NA) is increased in this manner the resolution R can be improved or refined, so that the 
illumination optical system can be at a normal illumination condition, i.e., the light quantity distribution at the illumination 
system pupil plane can be in the first region (75A, 75B) which includes the optical-axis (AX). Thus, patterns correspond- 
ing to the semiconductor devices of the next generation can be transferred with high accuracy without reducing the 

35 wavelength X of the exposure illumination light. However, if the thickness of the photosensitive material T R is thinned, it 
becomes difficult to control the integrated exposure quantity with high accuracy since the necessary integrated expo- 
sure quantity for appropriately exposing the photosensitive material becomes small, and the appropriate sensitizing 
time becomes shorter. 

For example, uneven thickness of the photosensitive material can occur due to minor temperature changes during 
AO the thin coating of the photosensitive material, or the length of the storage time of the photosensitive material. There- 
fore, the sensitizing time changes for each photosensitive material based only on the averaged thickness information 
from the coater of the photosensitive material makes it difficult to control the target value for the integrated exposure 
quantity of the exposure illumination light for each circuit board,. In order to respond to this, in this invention, the thick- 
ness of photosensitive material T R on the circuit board (W) is actually measured prior to exposure, and then the inte- 
45 grated exposure quantity is controlled based on this thickness. This allows the condition regarding the permissible 
range of the depth of focus to be satisfied and an appropriately integrated exposure quantity to be obtained even when 
the resolution is improved by enlarging the numerical aperture (NA) of the projection exposure system and the depth of 
focus becomes narrower. 

In order to control the integrated exposure quantity the illuminance or the exposure time can be controlled by the 
so projection exposure device of the stepper type, but for a projection exposure device of the step-and-scan method the 
integrated exposure quantity can be controlled not only by controlling of the illuminance, but also by controlling scanning 
speed of the circuit board (W) or width of the slit like illumination area. 

In this case, it is desirable that the optimal integrated exposure quantity of the photosensitive material at a desig- 
nated standard thickness corresponding to the mask is stored in memory beforehand and that the difference of the 
55 thickness of the photosensitive material from the designated thickness be calculated and the integrated exposure quan- 
tity of the exposure illumination light be set based on this difference. This allows the appropriate integrated exposure 
quantity to be obtained with a simple calculation even when the thickness of the photosensitive material changes. 

When the transfer pattern on the mask is next projection exposed onto the circuit board (W) by projection exposure 
system (PL), and the thickness of the photosensitive material coated on the circuit board (W) is 0.5 *im or less, it is 
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desirable to set the numerical aperture of th projection exposure system (PL) to 0.68 or greater. In the conventional 
exposure method if the numerical aperture is simply increased to 0.6 or greater, the condition regarding the permissible 
range of the depth of focus in equation (6) is no longer satisfied. However, by improvement in focus control techniques 
and flattening techniques, this condition of equation (6) can be satisfied with a numerical aperture of 0.68 or greater up 

s to 0.8 when the thickness of the photosensitive material T R is 0.5 jim or less. Thus, the resolution of the pattern that 
can be transferred is improved to what would correspond to the next generation, and the condition regarding the per- 
missible range of the depth of focus is satisfied as well without making the wavelength of the exposure illumination light 
shorter, or in other words without using an expensive exposure illumination light source. 

An exposure method with the transfer pattern on the mask (R) transfer exposed onto a circuit board (R) coated with 

10 photosensitive material under illumination light (IL) for exposure, will now be described. The second exposure method 
according to this invention carries out control of the numerical aperture for projection exposure system (8) according to 
the thickness of the photosensitive material coated on the circuit board (R). 

According to this embodiment of the present invention, the numerical aperture of the projection exposure system 
(PL) is set to 0.7 or greater when the thickness of the photosensitive material coated on the circuit board (W) is 0.2 fim 

75 or less, while the numerical aperture of the projection exposure system (PL) is set to 0.6 or less when the thickness of 
the photosensitive material coated on the circuit board (W) is 1 .0 \im or greater. For example, if the exposure illumina- 
tion light is a KrF excimer laser light (wavelength of 248 nm), a pattern corresponding a 256 M-bit DRAM (resolution of 
approximately 0.25 *im) can be transferred with high accuracy with the numerical aperture of 0.6 or less, and a pattern 
corresponding a 1 G-bit DRAM (resolution of approximately 0.18 jim) can be transferred with high accuracy with a 

20 numerical aperture of 0.7 or greater. This means that a single exposure device can transfer patterns corresponding to 
two generations of semiconductor devices with a high degree of accuracy. 

A further embodiment of the exposure method, according to this invention, is described below referencing the fig- 
ures. This embodiment is an application of this invention when exposure is carried out using a projection exposure 
device of the step-and-scan method. 

25 In the under exposure condition, where the thickness T R of the photosensitive material is thick and the mark step 
difference D M is large, the numerical aperture (NA) is decreased in order to satisfy the condition regarding the permis- 
sible range of its depth of focus. When the numerical aperture (NA) is reduced in this manner resolution R may not be 
sufficient Therefore, if resolution R needs to be improved the illumination optical system is set to the modified illumina- 
tion condition in order to improve resolution R without making the depth of focus (D) shallower. In other words, the light 

30 quantity distribution is set to the second region (75C. 75D), see Fig. 7, which does not include the optical-axis (AX). In 
this invention, which combines the above, the resolution is improved by setting the numerical aperture (NA) to a large 
number while satisfying the condition regarding the permissible range of the depth of focus under various exposure con- 
ditions, while on the other hand it improves its resolution by setting its illumination optical system to an illumination 
which is modified when the numerical aperture (NA) can not be set to a large number. By switching the numerical aper- 

35 ture of the projection exposure system, patterns corresponding to two generation's worth of semiconductor devices can 
be transferred using a single exposure device. 

The exposure device according to this invention is comprised of an illumination optical system (1 -4, 5 A, 10-12), as 
show in Fig. 1 , which illuminates the transfer pattern formed upon the mask using exposure illumination light and a pro- 
jection exposure system (PL) which projects the image of the pattern of mask (R) onto the photosensitive substrate (W) 

40 under the illumination light. This device is equipped with a projection condition switching method (42, 43) which 
switches the numerical aperture of the projection exposure system (PL). A normal illumination condition occurs when 
the light quantity distribution at the illumination pupil plane which is an optical Fourier conversion surface for the pattern 
surface of the mask (R) within the illumination optical system and which includes the first region (75A. 75B) has the opti- 
cal-axis (AX). A modified illumination condition occurs when light quantity distribution is in the second region (75C, 

45 75D), which does not include the optical-axis (AX), and an illumination condition switching method (5A, 5B, 8, 12-15, 
32) which switches between multiple illumination conditions. This illumination condition switching method sets the illu- 
mination optical system to the normal illumination condition when the numerical aperture of the projection exposure 
system (PL) is 0.68 or greater and sets the illumination optical system to its modified illumination condition when the 
numerical aperture of the projection exposure system (PL) is set to 0.6 or less. 

so According to the exposure device of this invention, the exposure method of this invention described above, can be 
carried out. By flattening the circuit board the mark step difference D M can be reduced to 0. 1 nm or less, while the under 
exposure condition with thickness T R of the photosensitive material set to 0.5 or less, the condition regarding the 
permissible range of the depth of focus in equation (6) can be satisfied when the numerical aperture (NA) of the projec- 
tion exposure system (PL) is set greater than 0.68 and up to 0.8 or so. In such a region of the numerical aperture NA, 

55 since the resolution R is extremely fine, the illumination optical system can operate in the normal illumination condition. 
On the other hand, if the mark step difference D M is 0.8 \m or so, and the thickness T R of the photosensitive material 
is approximately 1 nm, there is a need to set the numerical aperture (NA) of the projection exposure system (PL) to 0.6 
or greater in order to satisfy the condition regarding the permissible range of the depth of focus. If resolution R becomes 
too coarse during usage, the resolution can be improved by setting the illumination optical system to the modified illu- 



8 



BNSDOCID: <EP 081 1881 A2_l_> 



EP0 811 881 A2 



mination condition. 

An example of an illumination condition switching method is shown in Figure 5. where the optical illumination sys- 
tem possesses a luminous flux splitting system (66. 67) which splits the illumination light for exposure into the first and 
second luminous fluxes (I LP, ILS). The first luminous flux magnification system (66) widens the cross section geometry 

5 of the first luminous flux into a ring shape. The second luminous flux magnification system (71) which widens the cross 
section geometry of the second luminous flux into a ring shape with the fight quantity distribution reversed the in inner 
and outer regions. The luminous flux synthesis system (70, 73) synthesizes the luminous flux from the first and second 
luminous flux magnification systems (68, 71) in front of the illumination system pupil plane. It is desirable that the illu- 
mination condition switching method guides the luminous flux (IL*) which was previously synthesized by the luminous 

w flux synthesis system (70, 73) and injected to the illumination system pupil plane and the carry out annular illumination 
during setting of the modified illumination condition. 

If the illuminance distribution, of the illumination light on the plane of emergence of the luminous flux splitting sys- 
tem (66, 67), is a monotonously decreasing distribution (Gaussian distribution for example) in the radial direction from 
the optical-axis, as shown in Figure 6 (a), then the illuminance distribution of the luminous flux injected from the first 

is luminous flux magnification system (68) becomes an annular like distribution monotonously decreasing in the radial 
direction, as shown in Figure 6(b). The illuminance distribution of the luminous flux injected from second luminous flux 
magnification system (71) becomes an annular like monotonously increasing distribution in the radial direction, as 
shown in Figure 6(c), so that illuminance distribution of the synthesized light injected from luminous flux synthesis sys- 
tem (70, 73) becomes a flat annular. By using this synthesized light to carry out annular illumination the work efficiency 

20 of the illumination light increases and the illuminance distribution on the mask (R) also becomes uniform. 

An alternate exposure method of this invention concerns an exposure method, which detects the image of the posi- 
tion matching mark (165) on the photosensitive substrate (W) by the alignment optical system (OBL, 162, 164) under 
illumination light for alignment, as shown in Figures 1 and 1 1 . Position matching of the photosensitive substrate (W) is 
carried out based on the detection result. The image of the pattern formed on mask (R) onto the photosensitive sub- 

25 strate (W) by the projection exposure system (PL) under the illumination light (IL) for exposure. It is equipped with a nor- 
mal detection method which uniformly (167 A) transmits the imaging luminous flux on the alignment system pupil plane 
(HF2), which is the optical Fourier conversion surface for the surface of the photosensitive substrate (W) in the align- 
ment optical system. The outline emphasis detection condition transmits the imaging luminous flux at a designated dis- 
tribution and performs outline emphasis, and then switches its alignment optical system between two detection 

30 conditions depending upon the numerical aperture of the projection exposure system (PL). 

According to this invention, the under exposure condition with a thin photosensitive material of thickness T R and a 
small mark step difference D M of the base feature pattern, the resolution R is increased by increasing the numerical 
aperture (NA) within the boundaries of the permissible range of the depth of focus. When the mark step difference D M 
is small, it is difficult to obtain an image with a good contrast to use as the position matching mark on the photosensitive 

35 substrate (W) by the alignment optical system under the normal detection condition. Therefore, when the mark step dif- 
ference D M is small and the numerical aperture (NA) of the projection exposure system is enlarged, by setting the 
detection condition to the outline emphasis mode, the contrast of the image of the position matching mark is increased 
and the position of the position matching mark is detected with high accuracy. 

Additionally, if during the under exposure condition the thickness T R of photosensitive material is thick and the mark 

40 step difference D M is large, the numerical aperture (NA) of the projection exposure system (PL) is decreased to satisfy 
the condition regarding the permissible range of the depth of focus, and its alignment optical system is set to the normal 
detection condition. The mark step difference D M produces a large position matching mark image with a good contrast 
and can be obtained when the system is operating at its normal illumination condition. 

In the above situation it is desirable to set the alignment optical system be set to its outline emphasis detection con- 

45 dition when the numerical aperture of the projection exposure system is set to 0.68 or greater; the alignment optical sys- 
tem should be set to a normal detection condition when the numerical aperture of the projection exposure system (PL) 
is set to 0.6 or less. As described above, the numerical aperture (NA) of projection exposure system (PL) can be set to 
0.68 or greater when the mark step difference D M is approximately 0.1 ^m or less and the thickness T R of photosensi- 
tive material is approximately 1 urn, but when the mark step difference D M is high with a sufficiently good contrast, posi- 

so tion matching the mark image with can be obtained using the normal detection condition. 

Note that for the alternate method, the alignment optical system obtains an image of the position matching mark. It 
is possible to switch between the two types of alignment sensors, depending upon the mark step difference, by using 
an alignment sensor for high step difference marks, such as the imaging method (FIA method) used in the normal 
detection condition, and the two luminous flux interference method (LIA method), which illuminates two luminous fluxes 

55 onto the diffraction lattice-like position matching marks and detects the phase of interference light composed of dif- 
fracted light generated in the same direction from the mark. 

The invention also switches the condition of the illumination optical system for exposure or for alignment depending 
upon the numerical aperture (NA) of the projection exposure system (PL). This numerical aperture (NA) of the projec- 
tion exposure system is set to a large value when the thickness T R of the photosensitive material is thin and is set to a 
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small value when the thickness T R of the photosensitive material is thick. Therefore, the illumination optical system for 
exposure can be set so as to use either the normal or modified illumination condition. Depending upon the thickness of 
the photosensitive material the alignment optica! system can be set to either the normal or outline emphasis detection 
method. Furthermore, the alignment optical system can switch between the alignment sensor for the high step drffer- 
5 ence mark or the alignment sensor for the low step difference mark depending upon the thickness of the photosensitive 
material. 

An embodiment of the exposure method and device according to this invention is now described, with reference to 
the figures. This embodiment is an application of the invention when exposure is carried out using the projection expo- 
sure device of the step-and-scan method. 

10 Figure 1 is a schematic diagram of the projection exposure device of this embodiment. In Figure 1 , the illumination 
light (IL) composed of a 248 nm wavelength laser beam pulse emitted from KrF excimer laser light source 1, as the 
exposure light source, is attenuated at a designated attenuation rate in the beam attenuation unit 2, and then is incident 
on first f lyeye lens 7 by beam expander composed of first lens 3. polarization mirror 4, and second lens 6. The input 
optical system 5A is composed of second lens 6 and f lyeye lens 7, and this input optical system 5A is constructed to be 

75 interchangeable by exchange unit 8 with the annular illumination input optical system 5B to be described below. 

The illumination light (IL) whose illuminance distribution is made uniform by the first f lyeye lens 7 is incident on the 
plane of entrance of the f lyeye lens 12 of stage two for normal illumination use by illuminance distribution correction 
board 9 (composed of parallel flat glass for correcting the uneven illuminance distribution due to direction of illumination 
light), relay lens 10. and polarization mirror 1 1 . The plane of entrance of the first f lyeye lens 7 is conjugated with the 

20 plane of entrance of the second f lyeye lens 1 2. and the enlarged image of each lens element comprising the f lyeye lens 
7 of the former is superimposed on the plane of exit of the flyeye lens 12. Also, the f lyeye lens 12 is constructed so as 
to be interchangeable with flyeye lens 13 for annular illumination to be described later, by exchange mechanism 14. In 
the following description, the optical-axis of illumination optical system beyond secod flyeye lens 12 and the projection 
exposure system (PL) is designated as optical-axis (AX), the Z-axis is taken to be parallel to the optical-axis (AX), the 

25 Y-axis is normal to the paper surface and normal to the Z-axis. and the X-axis is taken so as to be normal to the paper 
surface. 

At this time, the plane of exit of the secod flyeye lens 12 becomes an optical Fourier conversion surface (pupil 
plane) for the pattern formation surface of the reticle (R), and a diaphragm unit 15 composed of a multiple illumination 
system diaphragm (referred to as a diaphragms hereafter) is located on the plane of exit of flyeye lens 12. 

30 Figure 7(a) indicates the a diaphragm unit 15 composed of rotatable disks, around driving axis 15a, are formed at 
equal distance, a diaphragm 75A for large a values, a diaphragm 75B for small a values, a diaphragm 75C for first 
annular illumination , and a diaphragm 75D for second annular illumination. Details on the geometry of a diaphragms 
75A-75D will be provided later. 

Returning to Figure 1, corresponding to the direction from the main control unit 29, which centrally controls the 

35 action of the whole device, to the illumination control system 32 regarding the exposure conditions, the illumination con- 
trol system 32 rotates the a diaphragm unit 15 and sets the designated a diaphragm on the plane of exit of flyeye lens 
12. At the same time, the illumination control system 32 exchanges the two input optica! system 5A and 5B by exchange 
device 8, while also exchanging the two flyeye lens 12 and 13 by exchange device 14. 

The illumination light (IL), emerging from flyeye lens 12 and transmitted through the designated <r diaphragm of a 

40 diaphragm unit 15. after passing through split prism plate 16 and first relay lens 17, then fixed field diaphragm (fixed 
reticle blind) 18 which is driven in the Z-tilt direction sequentially, is incident on the movable field finder diaphragm 20 
which is driven in the XY-direction. In this embodiment, the movable field diaphragm 20 is located on the conjugated 
surface of the pattern formation surface of the reticle (R). and the fixed field diaphragm 18 is placed on a slightly defo- 
cused plane from that conjugated surface. Also, a rectangular fixed aperture for defining the slit-like illumination region 

45 of the reticle (R) is formed on the fixed field diaphragm 1 8. Furthermore, the position in the Z-direction and the tilt angle 
of the fixed field diaphragm 18 are composed in such a manner as to be finely controllable by means of the illumination 
control system 32 by drive device 19. 

On the other hand, the movable field diaphragm 20 is comprised of a pair of movable blades 20a and 20b. which 
can move independently in the Y-direction, and a pair of movable blades (not shown) which can move independently in 

so the X-direction. The motion of movable blades 20a or 20b is controlled by the illumination control system by drive unit 
21 . When scanning exposure is to be carried out for each shot region on the wafer (W), there are cases where the illu- 
mination light (IL) illuminates a region other than the reticle (R) pattern region right after the start of scan exposure and 
just prior to finishing. Therefore, the movable field diaphragm has an added role of restricting the illumination region on 
the reticle (R) as defined by fixed field diaphragm 1 8 just after starting and just prior to finishing the scan exposure. 

55 The illumination light (IL) which was transmitted through the fixed field diaphragm 18 and the movable field dia- 
phragm 20 illuminates a slit-like illumination region 24 of the pattern formation surface of the reticle (R), at a uniform 
illuminance distribution by the second relay lens 22 and condenser lens 23. The illumination region 24 of this embodi- 
ment is a rectangular region with the long edge in the X-direction, and the scanning direction of reticle (R) is in the Y- 
direction, which is the direction parallel to the paper surface. Under this illumination light (IL), the pattern within the illu- 



10 

BNSDOCID: <EP 081 1881A2_1_> 



EP0 811 881 A2 



mination region 24 on reticle (R) is shrunk to the projection magnification 0 (p is 1/4, 1/5, etc.) by the projection expo- 
sure system (PL), and is image projected onto the slit-like exposure region 33 on the surface of wafer (W) coated with 
photoresist. On the pupil plane of the projection exposure system (PL) (optical Fourier conversion surface for pattern 
formation surface of reticle (R)), is a changeable aperture diaphragm 42 with an iris like diaphragm, and by changing 

5 the aperture diameter of changeable aperture diaphragm 42 by means of the main control unit 29 by drive unit 43, the 
numerical aperture (NA) of the projection exposure system (PL) can be switched between 0.5-0.8. 

Reticle (R) is suspended above reticle stage 25 by vacuum suction, and reticle stage 25 can move above the reticle 
base 26 suspended on column (not shown) in the Y-direction at a uniform speed and is composed so as to be slightly 
movable in the X, Y and rotational direction. Movable mirror 27 is fixed on the end section of the reticle stage 25. and 

10 the X-coordinate, Y-coordinate, and the rotational angle of reticle stage 25 is constantly measured by means of the laser 
interferometer 28 placed so as to be facing it. The measurement results are supplied to the main control unit 29 and the 
main control unit 29 controls the motion of reticle stage 25 by the reticle stage drive system 30 based on the measure- 
ment results. 

Conversely, wafer (W) is suspended above the Z-tilt 6 stage 35 by wafer holder 34 which employs vacuum suction, 
75 and the Z-tilt 6 stage 35 is mounted upon XY stage 37 by three supports 36A-36C which can protrude and retract in the 
Z-direction. By protruding and retracting the three supports 36A-36C in parallel by the drive section within the XY stage 
37, the Z-tilt 0 stage 35 can be moved in the Z<Jirection, and by moving the three supports 36A-36C independently the 
tilt angle around the X-axis and around the Y-axis can be controlled. The Z-tilt 0 stage 35 is also constructed so that it 
can be rotated around the Z-axis within designated limits. Additionally, the XY stage 37 is composed so that it can move 
20 the Z-tilt 6 stage 35 in the Ydirection at a constant speed or with a stepping movement, and is also capable of step 
movement in the X-direction. The wafer stage is comprised of wafer holder 34, Z-tilt e stage 35, support points 36A-36C, 
and XY stage 37. 

The movable mirror 39 is also fixed on the end section of the Z-tilt 6 stage 35 and the X coordinate, Y coordinate, 
and rotational angle of the Z-tilt 0 stage 35 (wafer W) are constantly measured by a laser interferometer 40 disposed 
25 facing the movable mirror 3. The measurement results are supplied to the main control unit 29 which controls the, motion 
of the XY stage 37 and Z-tilt 6 stage 35 by the wafer stage control system 41 based on the supplied measurement val- 
ues. 

Furthermore, a diagonal injection type multi point focus position detection system 48 for autofocus and auto-lev- 
eling is placed on the side surface of the projection exposure system (PL). In this embodiment, since the thickness of 

30 the photoresist coated on the wafer (W) is thinner than conventional, as described hereafter, a focus control accuracy 
which is higher than conventional is required. Therefore, as disclosed in Japanese Patent Appl. Pub. Number H6- 
283404 (U. S. Patent No. 5,448,332), the focus position (position in Z-direction) of the multiple measurement point n 
the surface of wafer (W) is measured in this embodiment using a method that also employs a read-ahead method. In 
other words, the focus position detection system 48 of this embodiment is comprised of an illumination optical system 

35 which projects a slit image to multiple (e.g. 1 0 or so) measurement points within the slit-iike exposure region 33 on wafer 
(W) and the read-ahead region which precedes the exposure region 33. A light gathering optical system rei mages the 
slit images by receiving the reflected light from the slit images and generates multiple focus signals corresponding to 
the side deviation value of the reimaged slit images. Multiple focus signals are supplied to the focus signal processing 
system 49. 

40 In the focus signal processing system 49, the focus position Z 1 on the averaged surface of the exposure region 33 
of the wafer (W) surface, and the tilt angle 6 Y i around the Y-axis are calculated from the multiple focus signals, while 
similarly calculating the focus position Z 2 of the averaged surface in the read-ahead region for the exposure region 33 
and the tilt angle e Y2 around the Y-axis. The calculated results are provided to the main control unit 29. In the main con- 
trol unit 29 the focus position Z 3 of the control object is calculated from the weighted averaged of focus positions Z 1 and 

45 Z 2 for the exposure region 33 and the read-ahead region, taking into account the scanning speed of the wafer (W), the 
response speed of the auto focus, and the auto leveling mechanism. Furthermore, in the main control unit 29, the tilt 
angle 6 Y 3 of the control subject around the Y-axis is calculated from the weighted average of the tilt angle Oyi and &Y2 
for the exposure region 33 and the read-ahead region. At the same time, the tilt angle e X a of the control subject around 
the X-axis is calculated from the differentiation of the tilt angle 0 X 1 and 9x2 for the exposure region 33 and the read- 

50 ahead region. Autofocus and autofeveling control is carried out based on the focus position Z 3 , the tilt angle e Y 3, and 
e X 3 of the control subject. 

During scanning exposure, the main control unit 29 starts pulse emission of the KrF excimer laser light source by 
the exposure quantity control unit 31 , and scans the XY stage 37 on the wafer side in the +Y-direction (or -Y-direction) 
at the speed p * VR (p is the projection magnification) while synchronizing with the scanning of the reticle stage 25 in 
55 the -Y-direction (or +Ydirection) at constant speed VR, based on the measurement values from the laser interferometer 
28 and 40. Furthermore, in the main control unit 29, the focus position Z 3 , tilt angle 0 Y3 and 6 X 3 of the control subject 
are sequentially calculated at designated periods based on the multiple focus signal corresponding to the exposure 
region 33 and the read-ahead region provided from the focus signal processing system 49. The focal position of wafer 
(W) is controlled by the autofocus method so that its focus position Z 3 converges with the focus position that gives the 
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best imaging surface for the projection exposure system (PL), and the tilt angle of wafer (W) is controlled by the autolev- 
eling method so that the tilt angles 6y3 and e X 3 converge to the tilt angle that gives the best inclination angle for the best 
imaging surface of exposure area 33, by driving the support points 36A-36C by the wafer stage drive system 41. Thus, 
the image of the pattern of the reticle (R) is sequentially transferred to the transfer object shot area of wafer (W) at high 

5 resolution. The exposure method which drives the reticle stage 25 and XY stage 37 on th wafer side in sync with the 
pulse emission of the KrF excimer laser light source 1 is disclosed for example, in Japanese Patent Appl. Pub. H6- 
132191 (U.S. Patent No. 5.591,958). 

Also, since this embodiment is a step-and-scan method, the width in the scanning direction of the exposure area 
33 on the wafer is narrower than for the collective exposure method and focusing is conducted continuously during scan 

10 exposure. Therefore, even if the surface of wafer (W) has a slight waviness in the scanning direction the exposure area 
33 on the wafer can be matched to the best imaging surface at all times, and the averaged deviation of the focus posi- 
tion at exposure for each point in the shot area on the transfer object wafer (W) t i.e. the focus control accuracy, is higher 
compared with the collective exposure method (step and repeat method) such as a stepper. However, if it is known 
beforehand that the waviness of wafer (W) is small, sufficiently high focus control accuracy can be obtained for the pro- 

75 jection exposure device using the collective exposure method. 

The exposure light quantity control method for the projection exposure device of this embodiment will be now be 
described. First, the illumination quantity monitor 38 is placed near the wafer hold 34 on the Z-tilt e stage 35, which is 
composed of photoelectric elements placed so that the reception surface is at the same height as the surface of wafer 
W. When the illuminance of the illumination light (lL) on the surface of wafer (W) is directly measured, the reception sur- 

20 face of illuminance monitor 38 is placed within exposure area 33 and the detected signal of the illuminance monitor 38 
is provided to the exposure light quantity control system 31 , which controls the integrated exposure quantity (exposure 
dose) for each shot area on wafer W. However, when the exposure is actually being carried out to the wafer (W), since 
the exposure light quantity cannot be directly measured on wafer (W), the exposure light quantity on wafer (W) is indi- 
rectly measured by splitting and detecting the light quantity of a portion of the illumination light (IL) which is transmitted 

25 through a diaphragm of a diaphragm unit 15 of Figure 1 . Therefore, a splitting prism plate 16 is placed between ct dia- 
phragm unit 15 and first relay lens 17 in Figure 1. In other words, the splitting prism plate 16 is placed near the pupil 
plane of the illumination optical system. 

Figure 2(a) is a plane view looking at the splitting prism plate 1 6 from the side of f lyeye lens 12, Figure 2(b) is right 
side view of Figure 2(a), and Figure 2(c) is a cross sectional view along line AA when the splitting prism plate 16 is 

30 divided into the left and right in Figure 2(a). As indicated in Figure 2(a), the splitting prism plate 16 is composed of a 
glass plate of a designated thickness which transmits the illumination light (IL), and prism type beam splitter 53A and 
53B are embedded in its center and right end section for extracting a portion of the illumination light (IL). The transmis- 
sion rate and reflection rate of beam splitter 53A, 53B for illumination light (IL) are approximately 95% and 5%, respec- 
tively. 

35 As indicated in Figure 2(b), of the illumination light injected at splitting prism plate 16 from the f lyeye lens 12 side, 
the illumination light ILF reflected by beam splitter 53B is incident on the integrator sensor 58B by relay lens system 
57B, and then the output signal of integrator sensor 58B is supplied to the integration exposure quantity calculator sec- 
tion 56 of Figure 1 . Also, of the illumination light (IL) for exposure use illuminated upon wafer (W) by the projection expo- 
sure system (PL) in Figure 1 . the reflection light reflected by wafer (W) returns to beam splitter 53B of Figure 2(b) by the 

40 projection exposure system (PL) and the reticle (R), the reflection light ILR reflected by beam splitter 53B is incident on 
the reflection rate monitor 55B composed of photoelectric elements by the relay lens system 54B, and the output signal 
of the reflection rate monitor 55B is supplied to the imaging characteristics variation calculator section 59 in Figure 1. 
The reflection rate for illumination light (IL) on wafer (W) can be calculated by the imaging characteristics variation cal- 
culation section 59 from the output signal of the reflection rate monitor 55B. As indicated in Figure 2 (a), the section 16a 

45 between the beam splitter 53B and the relay lens system 57B, 54B has a rectangular plate shape at the end section of 
disk shaped splitting prism plate 16, and the luminous flux reflected by beam splitter 53B is guided efficiently to the relay 
lens system 57B, 54B. 

Similarly, as indicated in Figure 2(c), of the light incident on the center section of splitting prism plate 16 from the 
f lyeye lens side 12, the illumination light (ILF) reflected by beam splitter 53A is incident on integrator sensor 58A by relay 

so lens system 57A. Also, the reflected light from wafer (W) of Figure 1 returns to beam splitter 53A of Figure 2(c) by the 
projection exposure system (PL) and reticle (R), and the reflection light (ILR) reflected by beam splitter 53A is incident 
on reflection rate monitor 55A by the relay lens system 54A. Then, the output signals of integrator sensor 58A and 
reflection rate monitor 55A are supplied to integration exposure quantity calculation section 56 and imaging character- 
istics variation calculation s ction 59 respectively. Note that splitting prism plate 16 in Figure 1 is shown in a side view 

55 diagram, so that only the relay lens system 54B, 57B, integrator sensor 58B, and the reflection rate monitor 55B are 
shown. 

In this embodiment, beam splitter 53A and 53B are placed in the center section and end section of splitting prism 
plate 1 6. Therefore, when illumination with a small coherence factor (a value) is carried out using illumination light trans- 
mitted through center region 60. it uses the reflection light from the beam splitter 53A of the center section, while the 
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reflection light from beam splitter 53B on the end section is used when annular illumination is carried out using the illu- 
mination light transmitted through the surrounding annular like region 60B. By switching between the two beam splitters 
placed in two locations measurement of the illumination Eight can be carried out accurately for an illumination method 
with a small a value or the annular illumination method. Furthermore, when modified illumination is carried out using 

s the a diaphragm composed of four apertures offset from the optical-axis, another beam splitter can be placed in the light 
path of the illumination light from one of the four apertures, and the relay lens system and photoelectric elements placed 
so as to receive the luminous flux reflected by this beam splitter. Thus, the illumination light from flyeye lens 12 or 13 
and reflected light from wafer can be detected with certainty at all illumination fight conditions. 

Returning to Figure 1 , the splitting prism plate 1 6 is constructed to be extremely thin since it has beam splitters 53A, 

10 53B placed on its section. Conventionally, one large beam splitter was placed at a tilt angle of approximately 45 degrees 
from the optical-axis right behind the a diaphragm, and the reflected light from the beam splitter was detected, which 
required a large amount of space. According to this embodiment, since only a thin splitter prism plate needs to be uti- 
lized, the illumination optical system can be reduced in size, and the design of illumination optical system is simplified. 
In this embodiment, by comparing beforehand the output signal of the illuminance quantity monitor 38 and the out- 

75 put signal from integrator sensors 58A, 58B, the transfer coefficient for obtaining the exposure amount on the wafer (W) 
can be obtained from the output signal of the integrator sensor 58A, 58B, and this transfer coefficient is stored in mem- 
ory within the exposure quantity control system 31. Then, when the pulse emission of illumination light (IL) is started 
during the scanning exposure, the integration exposure quantity calculation section 56 sequentially supplies to the 
exposure quantity control system 31 the integrated signal obtained by integrating N pulse number of the output signal 

20 from integrator sensor 58B (or 58A), where N is the exposure pulse number to each point on wafer W. In the exposure 
quantity control system 31 , the integrated exposure quantity is obtained for each point on wafer (W) by multiplying the 
integration signal by the transfer coefficient described above, and the exposure quantity is controlled so that this inte- 
grated exposure quantity converges to the target value. 

In this embodiment, there are situations where the photoresist layer on wafer (W) is thin. When the resist layer is 

25 thin the target value for its integrated exposure quantity decreases from the conventional example. With the scanning 
exposure method, when the target value of the integrated exposure quantity is low, the exposure time for each point on 
wafer (W) is shortened by first increasing the scanning speed of the stage system. However, since there is an upper 
limit to the scanning speed of the stage system there is a need to lower the illuminance of the illumination light (IL) when 
the scanning speed reaches its upper limit. In order to decrease the illuminance in such a manner, the exposure quan- 

30 tity control system 31 carries out control of the beam attenuation rate in the beam attenuation unit 2 in Figure 1 . Also, 
there are situations where the control beam attenuation rate in the beam attenuation unit 2 is carried in order to set the 
exposure pulse number for each point on wafer (W) to a designated value, or to respond to the output fluctuation of the 
KrF excimer laser light source 1 which exposes each shot area on the wafer. 

Figure 3 shows a schematic of composition of the beam attenuation unit 2 of this embodiment, where two glass 

35 plates 61 A and 61 B are placed symmetric to the light path of the illumination light (IL) and at an inclination angle of 6, 
and where the shutter plates 62A and 62B are placed so as to shut out the reflected light from glass plates 61 A and 
61 B, respectively. The inclination angle 8 of glass plates 61 A and 61 B can be changed by a drive mechanism (not 
shown) while maintaining its symmetry. In this case, by making use of the fact that the transmission rate (1 -beam atten- 
uation rate) changes when the inclination angle 5 changes, the desired beam attenuation rate for illumination light (IL) 

40 is obtained by controlling its inclination angle. Since two glass plates 61 A and 61 B are inclined symmetrically, the optical 
path of the illumination light (IL) does not have horizontal shifts, so no adjustments are needed for other optical systems 
when the beam attenuation rate (IL) is switched. Furthermore, shutter plate 62A and 62B prevents reflected light from 
glass plates 61 A and 61 B leaking outside the shutter unit 2. 

In beam attenuation unit 2, in Figure 3, the beam attenuation rate for illumination light (IL) can be continuously 

45 switched within a designated range, but if it is desired to roughly switch the beam attenuation rate for illumination light 
in multiple steps, an energy incremental control unit, composed of multiple ND filters with different transmission rates 
placed on a disk in front and back of beam attenuation unit 2, can be utilized. In this case, by rotating the disk the beam 
attenuation rate for the illumination light (IL) can be switched in rough increments and by combining this energy rough 
control unit with beam attenuation unit 2 in Figure 3 the beam attenuation rate for illumination light (IL) can be switched 

so continuously over a wide range. 

The correction mechanism for imaging characteristic of the projection exposure system (PL) will now be described, 
which is placed in the projection exposure device of this embodiment. In other words, by illumination of the pulse emit- 
ted illumination light (IL), the projection exposure system (PL) is gradually heated and the projection exposure system 
(PL) is further heated by a luminous flux from the returning light from wafer (W) which is transmitted through the projec- 

55 tion exposure system (PL) so that the imaging characteristics, such as the projection magnification p or the position of 
best imaging surface, changes. The imaging characteristics of the projection exposure system also change due to 
atmospheric pressure or environmental temperature. In order to correct for such changes in imaging characteristics, 
this embodiment supplies information, such as illuminance of illumination light (IL) and cumulative exposure time to 
imaging characteristics variation calculation section 59 in Figure 1 from main control unit 29. Furthermore, as described 
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referencing Figure 2, output signals from the reflection rate monitors 55B and 55A. which are the signals that photoe- 
lectrically transforms reflection light from wafer (W), are supplied to the imaging characteristics variation calculation 
section 59. Measurement values from the atmospheric pressure and temperature sensor (not shewn) are also supplied 
to the imaging characteristics variation calculation section 59. 

s The imaging characteristics variation calculation section 59 predicts the integrated value of the output signal of 

reflection monitor 55B, 55A, as well as the variation of the projection magnification p of the projection exposure system 
(PL) based on other information, such as variation in imaging surface curvature, focus position of best imaging surface, 
and variation of its inclination angle, and informs main control unit 29 of the prediction results. The projection optical 
system (PL) is equipped with lens drive mechanism 44 which drives part of its lens element in the optical-axis (AX) 

io direction as well as tilting it in the plane normal to its optical-axis (AX) and is composed so that the main control unit 29 
can control the motion of the lens drive mechanism 44 by lens drive control system 45. 

When the prediction value of the variation of the imaging characteristics is supplied to the main control unit 29 from 
the imaging characteristics variation calculation section 59, the main control unit 29 drives a part of the lens element of 
the projection exposure system (PL) by lens drive mechanism 44 to compensate for the variation of projection magnifi- 

75 cation 0 and variation in imaging surface curvature. Furthermore, in order to match the focus position and tilt angle of 
the best imaging surface the main control unit 29 corrects the height and tilt angle of Z-tilt 9 stage 35 (wafer W) by driv- 
ing the support points 36A-36C by wafer stage drive system 41. Thus, a condition is maintained where the surface of 
wafer (W) matches the best imaging surface of the projection exposure system (PL) even when the imaging character- 
istics of the projection exposure system (PL) have changed. 

20 The illumination optical system of this embodiment will now be described. The illumination optical system is con- 
structed so as to be switchable between the normal illumination method where the aperture of a diaphragm is circular 
and the annular illumination method which is an example of the modified illumination method. Therefore, the normal fly- 
eye lens 12 and theflyeye lens 13 for annular illumination are installed interchangeably as the flyeye lens of the second 
stage in Figure 1 . This flyeye lens 13 for annular illumination is employed when the numerical aperture (NA) of the pro- 

25 jection exposure system (PL) is set to 0.6 or less, and annular illumination is to be carried out. 

Figure 4 (a) is a side-view of the flyeye lens 13 for annular illumination and Figure 4 (b) is a planar view of the flyeye 
lens 13. As shown in Figure 4 (b), the flyeye lens 13 is constructed by bundling lens elements with rectangular cross 
section around the metal part 63 with the cross shaped cross section. In this case, the annular a diaphragm 75C or 75D 
from a diaphragm unit 1 5 in Figure 7(a) is placed on the plane of exit of flyeye lens 1 3. If the annular luminous flux pos- 

30 sessing the maximum cross section being transmitted through lens element section of flyeye lens 13 in Figure 4 (b) is 
designated as (ILC), then the aperture of these a diaphragm 75C and 75D are composed so as to fit within the luminous 
flux (ILC). Therefore, the manufacturing costs can be reduced by using a metal part for the cross section part of the fly- 
eye lens 13, reducing the number of lens elements, and at the same time having the benefit of being able to illuminate 
the whole surface of the a diaphragm 75C, 75D. 

35 When the flyeye lens 13 for annular illumination is used in such a manner, the illumination efficiency is better if the 
distribution of the illumination light (IL) on the plane of exit of the flyeye lens 13 is annular. Therefore, when the flyeye 
lens 13 for annular illumination is used the illumination system control system 32 places input optical system SB for 
annular illumination between the polarization mirror 4 and the illuminance distribution correction plate 9, by the 
exchange device 8. 

40 Figure 5 indicates the input optical system 5B ( and in this Figure 5, the illumination light (IL) from the polarization 
mirror 4 of Figure 1 is assumed to be a linearly polarized light. After becoming an almost parallel luminous flux by lens 
64, this illumination light (IL) is converted to a circular polarized light by 1/4 wavelength plate 6 and is incident on polar- 
ization light beam splitter 66. It is then split into a P polarization component (ILP) and S polarization component (ILS) 
by polarization light beam splitter 66. In Figure 1. 1/4 wavelength plate (not shown) is also placed within input optical 

45 system 5A and the illumination light (IL) that incident on flyeye lens 7 is also converted to a circular polarized light. 

Figures 6(a)-(d) show the illuminance distribution at the cross section of illumination light at each section of Figure 
5. where the horizontal axis in Figures 6(a)-(d) shows the location (r) in the direction normal to its optical-axis (AX) using 
the optical-axis (AX) of the illumination system as the origin, while the vertical axis indicates the illuminance at the posi- 
tion (r). First, the illuminance distribution E )N (r) of illumination light (IL) which is incident on polarization beam splitter 

so 66 of Figure 5 is a normal distribution with optical-axis (AX) as its centerline as indicated in Figure 6(a). This illuminance 
distribution E, N (r) is also the illuminance distribution of the P polarization component (ILP) and S polarization compo- *■ 
nent (ILS) right after taking away the designated ratio coefficient and being split by the polarization light beam splitter 
66. 

In Figure 5, the P-polarized light component (ILP) which is transmitted through the polarization light beam splitter 
55 66, is transmitted through optical part 71 , which has a cylinder geometry with top and bottom section 71 A, 71 B 
machined to a cone shape. The illuminance distribution of P-polarized light component (ILP) is split at its center by this 
optical part 71 , and since the inside and outside flips to become parallel light again, the illuminance distribution E2 (r) 
of the P-polarized light component (ILP) after injection from optical part 71 takes a distribution where the distribution 
indicated in Figure 6(a) is flipped against the optical-axis (AX) and is spread out, as indicated in Figure 6(c). 
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On the other hand, the S-poiarized light component (ILS) reflected by polarization light beam splitter 66, in Figure 
5, is reflected by mirror 67 and is transmitted through optical part 68 which has a cylindrical part with its top part 68a 
cut off conically and its bottom part machined in a conical shape. Since the illuminance distribution of S-polarized light 
component (ILS) is split at its center and becomes parallel light once again, the illuminance distribution E 1 (r) of the S- 

5 polarized light component (ILS) right after injection from optical part 71 takes a distribution where the distribution indi- 
cated in Figure 6(a) is flipped against optical-axis (AX) and spread out as indicated in Figure 6(b). 

After the P-polarized light component (ILP) injected from optical part 71 is converted to S-polarized light by the y h 
wavelength plate 72, it is reflected by mirror 73 then incident on polarization light beam splitter 70 and then reflected. 
Conversely, the S-polarized component (ILS) injected from optical part 68 is converted to P-polarized light by the V& 

io wavelength plate 69 is transmitted through polarization light beam splitter 70, and the luminous flux which synthesizes 
the polarized light components injected from the optical part 68 and 71 , is injected from polarized light beam splitter 70. 
The luminous flux is converted to a circular polarized light IL by the 1/4 wavelength plate 74 and this illumination light 
IL* is incident on illuminance distribution compensation plate 9, as shown in Figure 1 . The illuminance distribution Equt 
(r) of this synthesized illumination light IL is a flat annular shape as indicated in Figure 6(d). In other words, the uniformi- 

15 zation of illuminance distribution is carried out similar to using first f lyeye lens 7 in Figure 1 by input optical system 5B 
of this embodiment. Furthermore, since the cross sectional geometry of illumination light IL' is formatted for an annular 
in this embodiment the usage efficiency of the illumination light is increased for the case where annular illumination is 
carried out. 

A relay tens (not shown) is located on the plane of emergence of polarized light beam splitter 70 and the plane of 
20 emergence of polarization light beam splitter 70 and the plane of incidence of the f lyeye lens 1 3 for annular illumination 
is almost conjugate due to this relay lens and the relay lens 10, as shown in Figure 1 . The cross sectional geometry at 
the plane of incidence of the f lyeye lens 13, in Figure 4 (b) t for illumination light IL\ of Figure 5, takes a shape where the 
annular like luminous flux (ILC) of the maximum cross section which is transmitted through the f lyeye lens 13 is slightly 
enlarged. Thus, the loss of illumination light is reduced for the case where annular illumination is carried out. 
25 As described in Figure 1 , this embodiment switches the aperture diaphragm (a diaphragm) of the illumination sys- 
tem by rotating the a diaphragm unit 15, and the a diaphragm is chosen from four types of a diaphragm 75A-75D, as 
shown in Figure 7(a). 

In Figure 7(a). the radius of aperture for the a diaphragm 75A which is for a large a value (coherence factor) is des- 
ignated r a, the radius of aperture for a diaphragm 75B which is for a small a value is designated r a 1 , the outer radius 

30 and inner radius of the annular aperture for the cx diaphragm 75C, which is for the number of the annular illumination, 
are designated r 0 and r 0 2, respectively, the outer radius and inner radius of annular aperture for a diaphragm 75D, 
which are for the second annular illumination are designated r 0 and r 0 1, respectively. 

In this embodiment the a diaphragm for annular illumination 75C, 75D are used for the numerical aperture (NA) 
range of 0.5-0.6, and the a diaphragm for circular aperture 75A, 75B are used for the numerical aperture (NA) range of 

35 0.68-0.8. Also, the a value of the illumination optical system is normally designated to be within the range of 0.6-0.8, 
and is set to a smaller range of 0.3-0.4 when the contact hole pattern is transferred. Therefore, if the projection magni- 
fication 0 of the projection exposure system (PL) is used the outer radius r 0 of the aperture for 75C, 75D of a diaphragm 
for annular illumination, which is used when the numerical aperture (NA) is 0.6 or less, is designated as follows with the 
numerical aperture as a unit: > 

40 

0 . 0.6 * 0.65 £ r 0 < 0 * 0.8 * 0.6 (1 1) 

The inner radius r 0 1 of the aperture of a diaphragm 75D (2/3 annular) is set to (2/3) r 0 and the inner radius r 0 2 
of aperture of <r diaphragm 75C (Vfc annular) is set to (!/4) r 0. With respect to the use of annular a diaphragm 75C and 
45 75D, the resolution of the resist pattern can be measured beforehand by carrying out a test print using the reticle of a 
transfer object and the a diaphragm which gives better resolution can be used. On the other hand, the radius r a of a 
diaphragm 75A used at the numerical aperture (NA) of 0.68 or greater, is set as follows using the numerical aperture 
as a unit. Note that an approximate numerical aperture 0.7 is used instead of the numerical aperture of 0.68. 

so 0 * 0.6* 0.7 £r a < 0*0.8*0.7 (12) 

Furthermore, as indicated in Figure 7(b), the radius r 0 of the aperture for annular illumination is set to approxi- 
mately 1 over 0.6/0.7 so that it would be smaller compared to radius r a of an aperture for a large a value. Also, the 
radius r a 1 of a diaphragm 75B for small a value is set to approximately V6 of its radius r a, and the a diaphragm 75B 
55 is used when the contact hole pattern is to be transferred. 

Returning to Figure 1 , in the projection exposure device of this embodiment, when the numerical aperture (NA) of 
the projection exposure system (PL) is set to a range of 0.5-0.6 by the main control unit 29. the illumination control sys- 
tem 32 selects the f lyeye lens 13 for annular illumination by exchange device 14, and sets either a diaphragm 75C or 
75D at the plane of exit of the f lyeye lens 13 by driving the a diaphragm unit 15. Furthermore, the illumination control 
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system 32 selects the input optical system 5B by exchange device 8. 

When the numerical aperture (NA) of the projection exposure system (PL) is set to a range of 0.68-0.8 by the main 
control unit 29. normal fiyeye lens 12 is selected by the illumination system control system 32 and either of the circular 
o diaphragms 75A or 75B is set to the plane of exit of the fiyeye lens 12, and the input optical system 5A is selected. 
5 By this means the pattern on reticle (R) is transferred onto wafer (W) f always at the optimal a value and without reducing 
the usage efficiency of the illumination light IL 

A description will now be provided regarding the resolution that is obtained when the pattern of reticle (R) is transfer 
exposed onto wafer (W) using the projection exposure device of this embodiment. First, the resolution R of the projected 
image by the projection exposure system (PL) is described below in equation (13) in a manner similar to equation (1) 
10 using the wavelength X of the illumination light (IL) for exposure, k factor , and numerical aperture (NA) of the projec- 
tion exposure system (PL). 

R^k^X/NA (13) 

75 If the depth of focus of the projected image of the projection exposure system (PL) is designated as D, then the 
depth of focus is given by equation (2) using the k factor k 2 . Furthermore, if focus control accuracy C B the mark step 
difference (step difference of base pattern) D M , resist thickness T R . and the coefficient Kuq, which determines the usa- 
ble depth of focus UDOF on the user side, are employed, there is a need for this embodiment to satisfy the "condition 
regarding the permissible range of the depth of focus" given next equation (14) below, which is the same as equation 

20 (6). 

C F + D M +T R *K UD <;D = k 2 *X/NA 2 (14) 

Additionally, in this embodiment, (a) the mark step difference D M is reduced to approximately 0.1 pm (or further to 
25 0.05 nm) or less by introduction of wafer flattening technique, and at the same time (b) the focus control accuracy C F is 
reduced to 0.4 urn by improvement in the focus control technique. Furthermore, in this embodiment, even when the 
depth of focus (D) is narrowed by increasing the numerical aperture (NA) of the projection exposure system (PL) the 
resist thickness T R is thinned to approximately 0.2 urn (conventional embodiment being less than 1 \im) so that the con- 
dition regarding the permissible range of the depth of focus can be satisfied. Also, the coefficient Ku D for determining 
30 the usable depth of focus UDOF is set to 0.7 and k factor is set to 1 .7 in consideration of the narrowing of the line width. 
Under these conditions, if the numerical aperture (NA) which satisfies equation (14) is designated NA 2 , then since 
the wavelength X is 248 nm, the numerical aperture NA2 becomes: 

0.4 + 0.1 + 0.2 * 0.7 5 1.7* 0.248 / NA 2 2 ;(NA 2 <£0.81) (15) 

35 

Therefore, the condition regarding the permissible range of the depth of focus is satisfied even when the numerical 
aperture (NA) of the projection exposure system (PL) is increased to 0.81 . Therefore, if the numerical aperture (NA) is 
set to 0.78 to provide a margin of error and inserting this value into equation (13), the resolution R takes the following 
value in equation (16). Note that the k factor k 1 is set to 0.55. 

40 

R = 0.55 * 0.248 / 0.78 % 0.18 (pm) (16) 

This resolution 0. 1 8 \im is the resolution of the circuit pattern corresponding to a 1 G-bit DRAM. However, when the 
resolution R becomes so small, since the k factor l<2 after optimization becomes even smaller to a value of approxi- 

45 mately 1 .4, by inserting 1 .4 into the k factor \^ of equation (14), the upper limit for the numerical aperture (NA), which 
satisfies the condition regarding the permissible range of the depth of focus becomes 0.74. Also, by inserting 0.7, to 
provide some margin of error as numerical aperture (NA) of equation (-13), the resolution R becomes approximately 
0. 1 9 urn. Therefore, with the projection exposure device of this embodiment, by using the KrF excimer laser light (wave- 
length 248 nm) as illumination tight, setting the thickness of the photoresist on the wafer to approximately 0.2 jim. and 

so setting the numerical aperture (NA) of the projection exposure system to approximately 0.7-0.74, a circuit pattern of a 
semiconductor device corresponding to a 1 G-bit DRAM can be transferred to a wafer with high accuracy while satisfy- 
ing the condition regarding the permissible range of the depth of focus. 

Note that there are actually cases where the resist thickness T R is set to approximately 0.5 jim, and for such cases, 
the upper limit of numerical aperture (NA) of the projection illumination system, which satisfies the condition regarding 

55 the permissible range of the depth of focus would be approximately 0.7 (with kg as 1 .7), but the numerical aperture (NA) 
can be set to 0.68 for margin of error. Therefore, when the resist thickness T R is set to approximately 0.5 jim or less, 
the condition regarding the permissible range of the depth of focus can be satisfied even when the numerical aperture 
(NA) is set to 0.68 or less. 

In this embodiment, when the numerical aperture of the projection exposure system (PL) is set to the range of 0.5- 



16 

BNSDOCID: <EP 0811881A2J_> 



EP0 811 881 A2 



0.6, for example at 0.55, as can be understood from equations (9) and (10) described previously, a circuit pattern of a 
semiconductor device corresponding to a 256 M-bit DRAM can be transferred while satisfying the condition regarding 
the permissible range of the depth of focus even when the thickness of photoresist is set to approximately 1 um. Also, 
by carrying out annular illumination, resolution corresponding to a 256 M-bit DRAM can be obtained with certainty. In 
5 other words, according to the projection exposure device of this embodiment, circuit patterns corresponding to two gen- 
erations of semiconductor devices can be formed by switching the numerical aperture of the projection exposure sys- 
tem. 

In this regard, the time for the complete exposure process would double when the wafer flattening technique was 
added. Therefore, conventionally the projection exposure device which carries out the exposure to the critical layer, 

io which requires such wafer flattening and the projection exposure device which carries out exposure to other rough layer 
were separate devices. The process management was complicated since the projection exposure device was switched 
for a single wafer under the so-called mix-and-match method. However, in this embodiment, the manufacturing line can 
be simplified and process management easier since a single projection exposure device can carry out exposure for 
almost any layer of a single wafer. 

is Note that while KrF excimer laser light is used as exposure illumination lights, in the embodiment described above, 
it is possible to use an ArF excimer laser light (wavelength 193 nm) as well. Therefore, the possible resolution and other 
quantities will be assessed for the case where ArF excimer laser light is used. It is assumed that systems such as the 
projection exposure system (PL) will be optimized for a wavelength of 193 nm. In this case, by reducing the mark step 
difference to approximately 0.1 nm by the wafer flattening technique, the resist thickness T R is thinned to approximately 

20 0.2 urn and the coefficient K uD for setting the usable depth of focus is set to 0.7. Furthermore, by improving the focus 
control technique it is assumed that focus control accuracy C F can be increased to 0.2 um. Also, k factor k% is set to 1 .5 
in consideration for the narrowing of the line width. 

With the above stated conditions present, if the aperture (NA) which satisfies the condition regarding the permissi- 
ble range of the depth of focus in equation (14) is set to NA 2 . since the wavelength X is 193 nm, the numerical aperture 

25 NA 2 becomes as follows: 

0.2 + 0.1 +0.2*0.7^ 1.5* 0.193 /NA 2 2 , NA 2 <, 0.81 (17) 

In other words, the condition regarding the permissible range of the depth of focus is satisfied even when the 
30 numerical aperture (NA) is increased to 0.81 . If the numerical aperture (NA) is set to 0.73, to give a margin of error, and 
this value was inserted into equation (13), the resolution R, would have the following value. Note the k factor is set to 
0.45 to account for line width. 

R = 0.45* 0.193/0.73 % 0.12 (|im) (18) 

35 

This resolution of 0.1 2 jim is the resolution of the circuit pattern corresponding to a 4 G-bit DRAM. Therefore, in the 
projection exposure device of this embodiment, by using an ArF excimer laser light (wavelength 193 nm) as the illumi- 
nation light, setting the thickness of photoresist on the wafer to approximately 0.2 um, and setting the numerical aper- 
ture (NA) of the projection exposure system to approximately 0.73, a circuit pattern of semiconductor device 

40 corresponding to a 4 G-bit DRAM can be transferred to a wafer with high accuracy while satisfying the condition regard- 
ing the permissible range of the depth of focus. 

Similarly, when an ArF excimer laser light is used, by setting the numerical aperture (NA) of the projection exposure 
system (PL) to a range of 0.5-0.6, a circuit pattern of a semiconductor device corresponding to a 1 G-bit DRAM can be 
transferred while satisfying the condition regarding the permissible range of the depth of focus even when the thickness 

45 of photoresist is set to approximately 1 um. In this case, by carrying out annular illumination as well, a resolution corre- 
sponding to a 1 G-bit DRAM can be obtained with greater certainty. In other words, circuit patterns corresponding to 
two generations of semiconductor devices can be formed using a single projection exposure system. 

Furthermore, when the i-line of a mercury lamp is used as illumination light in the projection exposure device, of 
this embodiment, by setting the numerical aperture (NA) of the projection exposure system (PL) to a range of 0.7-0.8 

so and setting the thickness of photoresist to approximately 0.2 um the circuit pattern of the semiconductor device corre- 
sponding to a 256 M-bit DRAM can be transferred while satisfying the condition regarding the permissible range of the 
depth of focus. On the other hand, when the numerical aperture is set to approximately to a range of 0.5-0.6, the circuit 
pattern of semiconductor device corresponding to a 64 M-bit DRAM can be transferred with high accuracy. In this case, 
by carrying out annular illumination as well, resolution corresponding to a 64 M-bit DRAM can be obtained with greater 

55 certainty. As a result, according to the projection exposure device of this embodiment, circuit patterns corresponding to 
two generations of semiconductor devices can be formed. 

It should be noted that the metal vapor laser light, high modulation wave of a YAG laser, or other bright-line can be 
used as an exposure illumination light, and for these cases resolution can be improved while satisfying the condition 
regarding the permissible range of the depth of focus by making the photoresist thin and increasing the numerical aper- 
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ture of the projection exposure system. 

Furthermore, if the mark step difference D M is decreased and resist thickness T R can be made thinner, with future 
advancements in the flattening techniques, then the resolution R can be increased further since the condition regarding 
the permissible range of the depth of focus can be satisfied more easily. 

s This embodiment further employs a wafer flattening technique as one method of satisfying the condition regarding 

the permissible range of the depth of focus of equation (14). If wafer flattening is carried out in this manner the mark 
step difference D Mj which is the step difference of the circuit pattern formed upon wafer (W), is decreased to approxi- 
mately 50 nm or less, and the step difference of the wafer mark for alignment placed on each shot region on the wafer 
(W) decreases as well. Therefore, this embodiment is also equipped with a sensor capable of detecting a low step dit- 
to ference mark as the alignment sensor for carrying out alignment of each shot region. 

In Figure 1 , alignment sensor 50 is located on the side part of the projection exposure system (PL). This alignment 
sensor is constructed in a manner similar to alignment sensor disclosed in Patent Appl. Pub. number H5-217835. 

Figure 8 is an oblique view schematically showing the complete construction of this alignment sensor 50, where the 
reflected light from the lattice like wafer mark (not shown) formed upon the wafer is reflected by mirror M1 , incident on 

is objective lens (OBL), then split by beam splitter 1 . The luminous flux reflected at beam splitter BS1 is incident on detec- 
tion system image method. In this embodiment. FIA (Field Image Alignment) 51 A (referred to as "FIA system" hereafter) 
placed at the upper stage portion of the alignment sensor 50 after reflection from mirror M2. Conversely, the luminous 
flux transmitted through beam splitter BS1 is incident on the detection system of the two luminous flux interference 
method, that is, the LIA (Laser Interferometric Alignment) method 51 B placed on the lower stage portion. 

20 Figure 9 depicts the composition of the (FIA) system 51 A and the illumination light (ALA) in the non-photosensitive 
broadband (bandwidth of greater than 270 nm) emerges from the optical fiber 1 16A against the photoresist on the wafer 
and this illumination light (ALA) illuminates wafer illumination field diaphragm 121 A at uniform illuminance by condenser 
lens 120A. The illumination light restricted field diaphragm 121 A is reflected by mirror 122, and is then incident on the 
illumination system aperture diaphragm plate 161 by the lens system 123A. Multiple types of aperture diaphragms 

25 (referred to as "a diaphragm hereafter") are placed on the illumination system aperture diaphragm plate 161 as 
described below, which is constructed so that the desired a diaphragm can be selected by sliding the illumination sys- 
tem aperture diaphragm plate 161 . 

The illumination light (ALA) which is transmitted through the designated ct diaphragm in the illumination system 
aperture diaphragm plate 161 is incident on beam splitter BS2 and the illumination light (ALA) reflected by beam splitter 

30 BS2 is reflected by mirror M2 and is incident on beam splitter BS1 . Afterwards, the illumination light (ALA) illuminates 
the wafer mark on the wafer along optical-axis AXa and by objective lens (OBL) and mirror M1 . On this illumination light 
path for the wafer, field diaphragm plate 121 A is conjugated in regard to the lens system 123 A and objective lens (OBL) 
with the wafer, and the illumination region against the wafer by the (FIA) system 51 A is defined unilaterally by the aper- 
ture formed upon field diaphragm plate 121 A. 

35 Reflection light is then generated from the wafer illuminated by the illumination light (ALA) from the optical fiber 
1 1 6A and this reflection light is incident on beam splitter BS2 by mirror Ml . objective lens (OBL), beam splitter BS1 , and 
mirror M2. Approximately V6 of this reflection light is transmitted through the beam splitter BS and is incident on the 
detection optical system. This detection optical system is composed of an aperture diaphragm plate 163, a first relay 
lens system 1 27 for imaging, mirror 1 28, an interference fitter 1 29, a second relay lens system 1 31 , and a beam splitter 

40 BS3. Multiple types of aperture diaphragms are placed on the aperture diaphragm plate 163, configured so that the 
desired aperture diaphragm can be selected by sliding the aperture diaphragm plate 163. 

The return light from the wafer which is transmitted through the designated aperture diaphragm in aperture dia- 
phragm plate 163 is incident on beam splitter BS3 by lens system 124 and the return light split by beam splitter BS3 is 
incident on imaging element 108X for X^Jirection detection and imaging element 108Y for Ydirection detection, both 

45 composed of the two dimensional CCD and forms an image of the indicator mark and an image of the wafer mark on 
the wafer surface on the imaging surface of each imaging element 108X and 108Y 

In other words, in regard to the objective lens (OBL) and synthesis system of lens system 124, the wafer surface 
and indicator plate 126 is conjugated, while in regard to the relay lens system 127 and 131 , the indicator plate 126 and 
their imaging surfaces are conjugated. Also, it is configured so that the variable power optical system 130 can be 

so inserted near the interference filter 129 so that the magnification of the image of the wafer mark and the indicator plate 
can be changed. Also, the interference plate 129 serves the role of shielding the strong laser light used in the LIA sys- 
tem described below. 

Figure 9 further illustrates an illumination system placed to independently illuminate the indicator plate 129. This 
illumination system is includes an optical fiber 1 1 6B, condenser lens 1 20B. illumination field diaphragm plate 1 21 B, mir- 
55 ror 122B, and lens system 123B. The illumination light emerging from optical fiber 1 16B is incident on the beam splitter 
BS2 from the side opposite to the optical path of illumination light (ALA) for the wafer, by condenser lens 120B-lens sys- 
tem 123B, and is then reflected by beam splitter BS2 and illuminates the indicator plate 126. 

The imaging signal of imaging element 108X, 108Y is supplied to the alignment signal processing system 52 in Fig- 
ure 1 , and by image processing these imaging signals in the alignment signal processing system 52, the position of the 
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wafer mark on the detection object is detected and this detection result is supplied to main control unit 29. Based on the 
position of each wafer mark the alignment of wafer (W) is carried out in the main control unit 29. 

Next, Figure 10 shows the composition of the LIA system 51 B, where in Figure 10, the laser beam from a He-Ne 
laser light source 106 is divided by the beam splitter BS8 by shutter 140. The laser beam LB which is transmitted 

5 through beam splitter BS8 is incident on the heterodyne double luminous flux unit 141X by multiple turning mirror in the 
LIA system in the X-direction. In this heterodyne two luminous flux unit 141X is located a pair of frequency shifters of 
different drive frequency (acousto-optical element) and a synthesis system which synthesizes the laser beam emerging 
from the frequency shifter, which have received frequency modulation, parallel to the optical-axis. The two laser beams 
LB1x, LB2x emerging from the synthesis system is incident on the lens system 142X, and uniformly illuminates the 

io aperture plate 1 43X placed on the backside focus surface of the lens system 1 42X. Therefore, a one-dimensional inter- 
ference band will be formed by the crossing of two laser beams LB1x, LB2x on the aperture plate 143X. Furthermore, 
since the drive frequencies of the pair of frequency shifters in the heterodyne two luminous flux unit 1 41 X differ from 
one another this one-dimensional interference band flows in the pitch direction at a speed corresponding to the fre- 
quency difference. 

is The two laser beams, restricted by the aperture plate 143X, are partially reflected by beam splitter BS6. and after 
passing through lens system 144X beam splitter BS4 and beam splitter BST reach the wafer by objective lens (OBL) 
and mirror M1 . Since the two laser beams LB1x, LB2X are symmetrically inclined from the X-direction, they illuminate 
the lattice shaped X-axis wafer mark located on the wafer and a plus-minus first order diffraction light is generated nor- 
mal to the wafer mark. These two plus-minus first order diffraction lights interfere with each other since the polarization 

20 direction is the same, and at the same time the interference intensity varies periodically at the frequency difference of 
the pair of the frequency shifters, i.e. at the beat frequency. 

This interference beat light is incident on beam splitter BS6 by mirror M1, objective lens (OBL), beam splitter BS1 , 
BS4, and lens system 144X, and the interference beat light transmitted through this beam splitter BS6 reaches the 
reception aperture plate 145X. The reception aperture plate 145X is placed in a position conjugate to the lens system 

25 144X in regard to the objective lens (OBL), and possesses an aperture which only allows the interference beat light to 
be transmitted. The interference beat tight transmitted through aperture plate 145X reaches photoelectric sensor 148X 
by mirror 1 46X and lens system 147X and the beat signal is output from photoelectric sensor 148X 

The laser beam reflected by beam splitter BS8 is incident on LIA system for the Y-direction by a mirror. This LIA 
system for the Ydirection is comprised of the following, almost symmetrical with the LIA system for the X-direction: het- 

30 erodyne two luminous flux unit 141Y, lens system 142Y, aperture plate 143Y, beam splitter BS5, lens system 144Y, 
reception aperture plate 145Y, mirror 146Y, lens system 147Y, and photoelectric sensor 148Y. However, the heterodyne 
two luminous flux unit 141 Y is placed at a 90 degree angle from the heterodyne two luminous flux unit 141 X, and the 
two laser beams LB1y, LB2y from the heterodyne two luminous flux unit 141 Y are emitted so that they cross in the Y- 
direction against the Y-axis wafer mark on the wafer. Thus, the beat signal corresponding to the Y-axis wafer mark is 

35 output from the photoelectric sensor 1 48Y. 

In order to obtain the reference signal from the beat signal from photoelectric sensor 148X and 148Y, the laser 
beam from laser beam LB1x and LB2x transmitted through beam splitter BS4 and the laser beam from laser beam LB1 y 
and LB2y reflected by beam splitter BS4 are incident on beam slitter BS7 by lens system 1 50 and mirror 151. The laser 
beam reflected by beam splitter BS7 is incident on transmission type diffraction lattice plate 153X by mirror 152. Trans- 

40 mission type diffraction lattice plate 153X forms a diffraction lattice at a position conjugated with the aperture of X-axis 
reception aperture plate 145X, with the rest as a shield section, and laser beam LB1x and LB2x are incident on the dif- 
fraction latticed, the interference beat light composed of plus-minus first order diffraction light generated from this dif- 
fraction lattice is incident on photoelectric sensor 155X by lens system 154X for Fourier conversion, and reference 
signal for the X-axis is output by photoelectric sensor 155X. 

45 The laser beam transmitted through beam splitter BS7 is also incident on the transmission type diffraction lattice 
plate 153Y Transmission type diffraction lattice plate 153Y forms a diffraction lattice at a position conjugated with the 
aperture of the Y-axis reception aperture plate 145X, with the rest as a shield section, and laser beam LB1y and LB2y 
are incident on the diffraction lattice, the interference beat light composed of plus-minus first order diffraction light gen- 
erated from this diffraction lattice is incident on photoelectric sensor 1 55Y by lens system 154Y for Fourier conversion, 

so and the reference signal for the Y-axis is output by the photoelectric sensor 1 55Y. 

The beat signal from photoelectric sensor 1 48X and 1 48Y, the reference signal from photoelectric sensor 1 55X and 
155Y are each supplied to the alignment signal processing system 52 that detects the position of the wafer mark of the 
detection object for X-axis and Y-axis and supplies the detection results to the main control unit 29. In the main control 
unit 29 the alignment of wafer (W) is carried out based on the position of each wafer mark. 

55 As described above, the alignment sensor 50 of this embodiment is equipped with (FIA) system 51 A and LIA sys- 
tem 51B. In this case, (FIA) system 51 A is capable of detecting a wafer mark having a step difference of 100 nm (0.1 
*im) or greater at high SN ratio, and since it is an image processing method it can carry out position detection for the 
wafer marks having asymmetry, or the wafer marks having a rough surface. On the other hand, the LIA system 51 B is 
capable of detecting the low step difference mark (step difference of approximately 50 nm or less) at high accuracy. 
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Therefore, by employing (FIA) system 51 A for the high step difference mark and LIA system 51 B for the low step differ- 
ence mark it can cope with all manner of semiconductor devices. 

In this embodiment the numerical aperture (NA) of the projection illumination system (PL) is set to 0.6 or less when 
the mark step difference D M is high and the numerical aperture (NA) is set to 0.68 or greater when the mark step differ- 

5 ence D M is low. In other words, normally in this embodiment, the alignment sensor is switched so that (FIA) system 51 A 
is employed when the numerical aperture (NA) of the projection illumination system (PL) is set to 0.6 or less and the 
LIA system 51 B is used when the numerical aperture (NA) is set to 0.68 or greater. However, if the pitch of the wafer 
mark place in each shot region on the wafer is 8 um the detection range (capture range) by the LIA system 51 B is within 
plus-minus 2 jim, so that there is a need to carry out a rough position detection (search alignment) of the wafer mark 
10 prior to final alignment (fine alignment) using the LIA system 51 B. Therefore, in this embodiment as described below, a 
mechanism which is capable of detection of a low step difference mark is added to the (FIA) system 51 A, so that the 
search alignment for the wafer mark with a low step difference can be carried out using the (FIA) system 51 A switched 
to the detection of a low step difference mark. 

The detection mechanism for a low step difference mark by the (FIA) system 51 A will not be described in detail. 

is Figure 1 1 (a) is a schematic diagram simplified by removal of mirrors from the (FIA) system 51 A of Figure 9. In Figure 
1 1 (a), the illumination light (ALA) emerging from optical fiber 1 16A is injected along optical-axis AXa into the illumina- 
tion system aperture diaphragm plate 161 by condenser lens 120 and the lens system 123. The illumination light trans- 
mitted through the designated a diaphragm of illumination system aperture diaphragm plate 161 is incident on beam 
splitter 162 and the illumination light transmitted through beam splitter 162 illuminates the wafer mark on wafer (W) by 

20 objective lens (OBL). Also, the solid line optical path of illumination light (ALA) in Figure 11(a) shows the conjugated 
relationship with the wafer mark. The dotted line optical path indicates the conjugated relationship with the pupil. In 
other words, the illumination system aperture diaphragm plate 161 is positioned on an optical Fourier conversion place 
(illumination system pupil plane) HF1 of the formation surface of the wafer mark 165. 

As indicated in Figure 1 1 (b), the normal a diaphragm 166A, annular a diaphragm 166B, and modified (in a limited 

25 sense) a diaphragm 166C comprised of four circular aperture offsets from the optical-axis are formed upon the illumi- 
nation system aperture diaphragm plate 1 61 . It is comprised so that the desired a diaphragm of the three a diaphragms 
can be set on the optical path of the illumination light (ALA) by sliding the illumination system aperture diaphragm plate 
161 in the direction normal to the optical-axis AXa. In this example, normal a diaphragm 1 66A is used when a high step 
difference mark with the mark step difference D M of 100 nm or more is detected and an annular a diaphragm 166B or 

30 modified a diaphragm 166C is used when a low step difference mark with the mark step difference D M of 100 nm or 
less is detected. In other words, the annular a diaphragm 166B or modified a diaphragm 166C is used as outline 
emphasis filter of the illumination system side for emphasizing the phase (step difference) of the phase object with an 
uneven surface. 

As shown in Figure 1 1(a), the returning light from the wafer mark 165 returns to beam splitter 162 by objective lens 
35 (OBL) and the returning light reflected by beam splitter 162 forms the image of wafer mark on the imaging surface of 
imaging element 108Y along optical-axis AXb by aperture diaphragm plate 1 63 and imaging lens 1 64. The aperture dia- 
phragm plate 163 is placed on the optical Fourier conversion plane (pupil plane) HF2 for the formation surface of the 
wafer mark 165. 

As indicated in Figure 1 1(c), the normal aperture diaphragm 167A, annular aperture diaphragm 167B, and modified 

40 (in a limited sense) aperture diaphragm 167C comprised of four circular apertures offset from the optical-axis, are 
formed upon the aperture diaphragm plate 163. It is comprised so that the desired aperture diaphragm of these three 
aperture diaphragms can be set on the optical path of the returning light by sliding the aperture diaphragm plate 163 in 
the direction normal to the optical-axis AXb. In this example, the normal aperture diaphragm 167A is used when the 
high step difference mark with the mark step difference D M of 100 nm or more is detected. The annular aperture dia- 

45 phragm 167B or modified aperture diaphragm 167C is used when the low step difference mark with the mark step dif- 
ference D M of 100 nm or less is detected. In other words, annular aperture diaphragm 167B or modified aperture 
diaphragm 1 67C is used as an outline emphasis filter for emphasizing the phase (step difference). Therefore, since out- 
line emphasis filter composed of the annular a diaphragm 1 66B or modified a diaphragm 1 66C and an annular aperture 
diaphragm 167B or modified aperture diaphragm 167C is used in this embodiment. The image of the low step differ- 

so ence can be detected at high contrast. 

The switching of the a diaphragm and aperture diaphragm is unconditionally performed by annular diaphragms 
166B and 167B, or modified diaphragm 166C and 167C when the numerical aperture (NA) of the projection exposure 
system (PL) is 0.68 or greater. On the other hand, when the numerical aperture is 0.6 or less, the mark step difference 
D M is normally high. However, depending upon usage the low step difference mark may be used when the numerical 

55 aperture (NA) is 0.6 or less since the condition regarding the permissible range of the depth of focus is satisfied. There- 
fore, when the numerical aperture is set to 0.6 or less and exposure is carried out for one lot of wafers the determination 
of the high or low of the step difference of the wafer mark may be carried out by the first wafer of the lot as follows: 

First, the imaging signal SY from the imaging element 108Y is input at the first wafer of the lot. As indicated in Fig- 
ure 12(a), a two-dimensional mark (a mark used for both X-axis and Y-axis) composed of three protruding or receding 
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marks at different spacing in both the X and Y-directions is assumed for the wafer mark 165. The signal, which averages 
the imaging signal SY, output from the imaging element 108Y within the rectangular observation field 168, which 
includes the wafer mark 165, is used to distinguish the wafer mark 165 from other marks and for position detection in 
the Ydirection. 

5 Figure 12(b) shows the imaging signal SY obtained when the large circular o diaphragm 166A and aperture dia- 

phragm 167A are used, while Figure 12(c) shows the imaging signal SY obtained when the annular a diaphragm 166B 
and aperture diaphragm 1 67B or modified a diaphragm 1 66C and aperture diaphragm 1 67C are used. Note that imag- 
ing signal SY is shown as a function of the Y- coordinate within the observation field 168. The imaging signal SY in Fig- 
ure 1 2(c) has a high contrast even when the mark step difference of wafer mark 1 65 is 1 00 nm or more, and the position 

io in the Y-direction for the three marks a1 , b1 , and d can be detected with high accuracy. In other words, as the mark 
step difference D M decreases from approximately 100 nm to 10 nm the contrast of imaging signal SY of Figure 12(b) 
becomes lower and the unevenness is reduced, while imaging signal SY of Figure 12(c) retains sufficient contrast for 
detection where the outline of the uneven mark is emphasized by changing the illumination condition. 

When exposure to a lot of wafer is carried out with the numerical aperture (NA) of the projection exposure system 

75 (PL) set to 0.6 or less, detection is carried out by using the (FIA) system 51 A for the first wafer, while also selecting a 
large circular a diaphragm 166A and aperture diaphragm 167 A, and then obtaining the contrast C1 of the obtained 
imaging signal SY, as shown in Figure 12(b). When contrast C1 is smaller than the designated standard value detection 
is carried out by setting annular a diaphragm 166B or modified <x diaphragm 166C, at the illumination system aperture 
diaphragm plate 161, and setting the annular aperture diaphragm 167B or modified aperture diaphragm 167C at the 

20 aperture diaphragm plate 163, thereby obtaining the contrast C2 of the imaging signal SY of Figure 12 (c). Next the 
contrast CI obtained initially and contrast C2 obtained next are compared. The detection condition which gives the 
higher contrast is selected and for the subsequent wafers of the lot, the detection of the wafer mark is carried out by 
setting (FIA) system 51 A to the selected detection condition. This has the advantage that the wafer mark can be 
detected at a detection condition with high contrast in cases where it is not known whether the step difference of the 

25 wafer mark is greater or less than 100 nm, or is near 100 nm. 

The contrast of imaging signal SY obtained when diaphragm 166B and 167B or 166C and 167C are switched can 
be compared and the diaphragms giving greater contrast can be used. Also, the annular a diaphragm 166B and an 
annular aperture diaphragm 167B need not be combined so that any combination can be used that gives high contrast 
of the imaging signal SY obtained. Furthermore, in the example of Figure 1 1 , a diaphragm for light and shade (ampli- 

30 tude distribution) are used as aperture diaphragm 1 67A-1 67C, but the phase filter which changes the phase distribution 
of the luminous flux transmitted through the pupil place can be used to carry out outline emphasis of low step difference 
marks. 

According to the first one exposure method of this invention, it has the advantage that by increasing the numerical 
aperture of the projection exposure system when the mark step difference is low and the photosensitive material is thin 
35 the resolution can be improved further and the condition regarding the permissible range of the depth of focus can be 
satisfied without making the wavelength of the exposure illumination light shorter. Also, sufficiently high resolution can 
be obtained with the illumination condition in the normal illumination condition even when the numerical aperture is 
large. 

In other words, by this invention, a pattern corresponding to the next generation 256 M-btt DRAM can be formed 
40 using the i-line of mercury lamp as the exposure illumination light, a pattern corresponding to next the generation 1 G- 
brt DRAM can be formed using KrF excimer laser light, and a pattern corresponding to the next generation 4 G-bit 
DRAM can be formed using an ArF excimer laser light, so that the cost performance of the exposure device increases. 

On the other hand, when the mark step difference is high and the photosensitive material is thick, the resolution 
can be increased somewhat by making the numerical aperture of the projection exposure system small to satisfy the 
45 condition regarding the permissible range of the depth of focus and switching to modified illumination condition. Thus, 
it becomes possible to form a pattern corresponding to two generation of semiconductor device with one exposure 
device without changing the wavelength of the exposure illumination light, so that the process management for the 
exposure device previously carried out for separate line can be reduced to just one device. Therefore, process manage- 
ment becomes easier, and the process management time is shortened so that the throughput for the exposure process 
so is increased. 

Note that by switching the numerical aperture of the projection exposure system in two stages in this invention, pat- 
terns corresponding to two generations of semiconductor devices can be formed, but it can be switched between three 
or more stages according to the mark step difference or thickness of photosensitive material. Thus, high resolution can 
be obtained while satisfying the condition regarding the permissible range of the depth of focus according to such a fac- 
55 tor as the thickness of the photosensitive material. 

Also, according to the exposure device of this invention, the first exposure method of this invention can be 
employed. Furthermore, the illumination condition switching method sets the illumination optical system to a normal illu- 
mination condition when the numerical aperture of the projection exposure system is set to 0.68 or greater, and sets the 
illumination optical system to modified illumination condition when the numerical aperture of the projection exposure 
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system is set to 0.6 or less. For example, if the mark step difference is approximately 0.1 Mm or less and the thickness 
of photosensitive material is approximately 0.5 um or less the aperture number is set to 0.68 or greater, and when the 
the mark step difference is approximately 0.8 um and the thickness of photosensitive material is approximately 1 um 
the aperture number is set to 0.6 or less. Thus, the condition regarding the permissible range of the depth of focus can 

s be satisfied while obtaining high resolution according to such factor as thickness of the photosensitive material. 

The illumination condition switching method is comprised of a luminous flux splitting system which splits the illumi- 
nation light for exposure into first and second luminous fluxes. The first luminous flux diffusion system for spreading the 
cross section of the first luminous flux in a ring shape, second luminous flux diffusion system for spreading the cross 
section of the second luminous flux in an annular shape, a luminous flux synthesis system which synthesize the lumi- 

10 nous flux from first and second luminous flux system in front of illumination pupil plane. When the modified illumination 
condition is being set this illumination condition switching method guides the luminous flux synthesized in the luminous 
flux synthesis system to the illumination system pupil system and carries out annular illumination only the annular sec- 
ondary light source portion on the illumination pupil plane is illuminated at a uniform illuminance distribution. Therefore, 
the usage efficiency of illumination light increases and high illuminance is obtained on the mask (on the photosensitive 

is substrate), and the illuminance distribution on the mask becomes uniform. 

According to the second exposure method of this invention, when the mark step difference of the position matching 
mark is low and the photosensitive material is thin it has an advantage where the resolution can be increased without 
making the wavelength of the exposure illumination light shorter by increasing the numerical aperture of the projection 
exposure system, while also satisfying the condition regarding the permissible range of the depth of focus. Also, by 

20 switching in the alignment optical system to detection condition for outline emphasis when the mark step difference is 
small the position matching mark can be detected at high accuracy. On the other hand, when the mark step difference 
is high and the photosensitive material is thick the numerical aperture is decreased so as to satisfy the condition regard- 
ing the permissible range of the depth of focus, but its position matching mark can be detected at high accuracy even if 
the alignment optical system is set to normal detection condition since the mark step difference is high. Thus, position 

25 detection can be carried out at high accuracy even when the mark step difference changes and high overlay accuracy 
can be maintained. 

In this case, if the alignment optical system is set to detection condition for outline emphasis when the numerical 
aperture for the projection system is set to 0.68 or greater, while the alignment optical system is set to normal detection 
condition when the numerical aperture for the projection system is set to 0.6 or less, the cases where numerical aper- 

30 ture can be set to 0.68 or more occurs when the mark step difference is 0.1 urn or less and when the thickness of pho- 
tosensitive material is 0.5 urn or less. When the mark step difference is low, its detection condition for outline emphasis 
is necessary to obtain position matching mark image with good contrast. On the other hand, the cases where numerical 
aperture can be set to 0.6 or less is when the mark step difference is approximately 0.8 urn and when the thickness of 
photosensitive material is approximately 1 um, but when the mark step difference is high in such a case, a position 

35 matching mark image with sufficiently good contrast can be obtained utilizing the normal detection condition. 

If the thickness of the photoresist on the wafer is to be changed, the type (photosensitive wavelength) of photoresist 
may also be changed. For example, when the resist thickness is made thinner by changing the photoresist type the pho- 
tosensitive wavelength of the photoresist on the wafer shifts to a shorter wavelength regime so that the non-photosen- 
sitive wavelength may shifted from 550-800 nm to 350-600 nm. In such a case, the wavelength range of the illumination 

40 light (ALA) for the wafer mark detection can be shortened from 550-800 nm to 350-600 nm. By making the wavelength 
shorter the contrast of the imaging signal obtained by imaging the low step difference mark is improved, and the detec- 
tion accuracy of the low step difference mark can also be improved. 

There are cases where the thickness of the photoresist on the wafer (resist thickness) is made thinner compared 
with the conventional case, but as the photoresist becomes thinner the target value for the integrated exposure quantity 

#5 for the photoresist decreases in proportion to its thickness. For example, the resist thickness has been kept at approx- 
imately 1 nm or greater conventionally, and since the variation in the resist thickness was 0.01 -0.02 um (10-20 nm), so 
that the target value for integrated exposure quantity can be kept constant. However, for the cases in this example 
where the resist thickness is to be approximately 0.2 um, as described above, the target value for the integrated expo- 
sure quantity needs to be corrected according to the variation in resist thickness. Therefore, there is a need for the resist 

>o thickness on the wafer (W) to be actually measured so that for this example resist thickness measurement unit 46 is 
mounted on the side of the projection exposure system (PL). This resist thickness measurement unit 46 is a device 
which images the equal thickness interference band at the resist layer supplying this imaging signal to the film thickness 
measurement calculation device 47. The film thickness measurement calculation device 47 calculates the thickness of 
the photoresist from the imaging signal and supplies the calculation result to the main control unit 29. The main control 

ts unit 29 corr cts the target value for integrated exposure quantity according to the supplied thickness of the photoresist. 
Thus, an appropriate integrated exposure quantity can be obtained constantly. 

An additional aspect of this embodiment, as described above, the numerical aperture (NA) of the projection expo- 
sure system (PL) is set to 0.5-0.6, a diaphragm for annular illumination 75C or 75D is used, and alignment sensor for 
the high step difference mark is used when the resist thickness T R is approximately 1 um or greater. The numerical 
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aperture (NA) of the projection exposure system (PL) is set to 0.68-0.8, a diaphragm for annular illumination 75A or 75B 
is used, and alignment sensor for the low step difference mark is used when the resist thickness T R is approximately 
0.5 pun or less. Therefore, it is possible to switch the illumination condition or alignment sensor based on resist thickness 
T R in this embodiment. In this case, a diaphragm for annular illumination 75C or 75D is used and an alignment sensor 

5 for the high step difference mark is used when the resist thickness T R is approximately 1 or greater. On the other 
hand, a diaphragm for annular illumination 75A or 75B is used, and the alignment sensor for the low step difference 
mark is used when the resist thickness T R is approximately 0.5 jim or less. Thus, the illumination condition or alignment 
sensor can be optimized according to the thickness of the photoresist on the wafer. 

It needs to be emphasized that this invention is not only applicable to cases where the exposure is carried out using 

10 the projection exposure device of the step-and-scan method, but can also be applied to cases where the exposure is 
carried out using collective exposure method such as a stepper. In other words, even in collective exposure method the 
resolution can be improved and alignment mark detected with high accuracy by switching the illumination condition or 
the detection condition of the alignment sensor based on the numerical aperture of the projection exposure system. 
Thus, this invention is not limited to the embodiments described above, but can take a variety of configuration within the 

is range of the substance of this invention. 

Figure 14 is a schematic diagram showing the resist thickness measurement device 46. The illumination light 
emerging from the light source 76, such as lamp, is reflected by oval mirror 77 and incident on wavelength selection 
filter plate 78. A measurement light LR of a specific wavelength, which is non-photosensitive for the photoresist (PR) 
coated on the wafer (W), is selected by wavelength selection filter plate 78. By rotating wavelength selection filter plate 

20 78 by drive mechanism 79 the wavelength of measurement light LR can be switched between multiple types. The action 
of drive mechanism 79 is controlled by the external film thickness measurement calculation device 47 by control system 
80. 

The measurement light transmitted through the wavelength selection filter plate 78 is converted into a parallel lumi- 
nous flux by lens 81 and incident on half prism 82 and the measurement light reflected by half prism 82 forms the spot 

25 image within the photoresist (PR) of thickness (d) on the wafer by objective lens 38. The measurement light (IL) emitted 
by objective lens 83. of a constant numerical aperture, is reflected by the surface of the photoresist (PR) and the surface 
of the wafer W. The returning light LR' is incident on the imaging surface 84a of the imaging element 84 composed of 
two dimensional CCD by objective lens 83 and half prism 82. The imaging surface 84A of the imaging element 84 is the 
optical Fourier conversion plane (pupil plane) of the wafer (W) in regard to the objective lens 83, and interference band 

30 due to returning light LR' is formed on the imaging surface 84a. The imaging signal of the imaging element 84 is sup- 
plied to film thickness measurement calculation section 47, film thickness measurement calculation section 47 calcu- 
lates the thickness d of the photoresist (PR) from the information on interference stripes obtained by processing the 
imaging signal, and then the calculation result is supplied to main control unit 29 of Figure 1. 

Figure 1 5(a) is a descriptive diagram of the measurement principles of thickness (d) of the photoresist indicates the 

3$ reflection of the measurement light on the wafer (W) and photoresist (PR) surfaces LR1 and LR2 respectively. Figure 
15(b) shows the injection condition of the returning lights LRV and LR2' into the imaging surface 84a corresponding to 
those measurement lights. In this case, the measurement light LR is a luminous flux possessing a designated numerical 
aperture and within this luminous flux the measurement light LR1 of Figure 15 (a) indicates the measurement light 
being injected normal to the surface of wafer (W). The measurement light LR2 indicates the measurement light incident 

40 on its surface at and injection angle of 0. The returning light LR2' reflected either by the wafer (W) or the photoresist 
(PR) is collected by the objective lens 83 on the imaging plane 84a on the specified circumference with the optical-axis 
as the center, as shown in Figure 15 (a) and 15(b). 

In Figure 15(a), if the refraction rate of the photoresist (PR) is designated as n the refraction angle e f for the meas- 
urement light LR2 becomes as follows: 

45 

sinO' = sine/n (19) 

The optical path difference A between the case where the measurement light LR2 is reflected directly on the sur- 
face A' of the photoresist (PR) and when it is reflected along the optical path connecting surface A of the photoresist 
so PR, surface B of the wafer (W), and surface A' of the photoresist (PR) becomes: 

A = n (AB+BA 1 ) - A'P (20) 
= 2nd / cos 0' - 2d tan 6' sin e 
= 2nd / cos 6* - 2nd tan 0' sin 6* 
55 = 2nd cos 0 

Note that the length of the optical path between surface A and surface B is represented by AB, and P is the crossing 
point of the normal line drawn from the surface A onto measurement light LR2 heading to surface A'. 

Furthermore, since the refraction rate of the photoresist (PR) is greater than refraction rate of air and, if the phase 
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shift k is considered, the phase difference 6 between measurement light LR2, directly reflected on surface A\ and 
measurement light LR2, reflected on the optical path connecting surface A, surface B, and surface A* becomes as fol- 
lows. 

5 6 = (2ic/X LR )*A + n (21) 

Note that the wavelength of measurement light LR is designated X LR . 
When equation (20) is inserted into equation (2), it becomes: 

io 5 = {2n/X LR ) 2nd cos 9' + n (22) 

The phase difference 8 determines the brightness of the returning light (interference light) LR2* corresponding to 
the measurement light LR2. In other words, when the phase difference 5 is (2N+1) n using an integer N of 1 or larger, 
its returning light LR2* becomes a dark interference stripe. For a number N dark interference stripe the following equa- 
is tion stands for the refraction angle 0' of the measurement light LR2: 

(2N+1) it = S = (2k/X l R ) 2nd cos e* + n (23) 

And when equation (19) is inserted into equation (23), it becomes: 

20 

6 2 = (n / 2d)*(4nd - 2NA. LR ) (24) 

If the radius from the optical-axis, at the center for the Nth dark interference band on the imaging surface 84a of the 
imaging element 84, is designated r N and the focal distance of the objective lens 83 as f, then equation (24) becomes, 
25 where 6 = r N /f : 

r N 2=(n f 2 / d)*(2 n d - N A. LR ) (25) 

When this equation is modified the thickness d of the photoresist can be obtained based on the radius r N of the N 
30 the dark interference band. 

r N 2 d = 2n 2 f 2 d-NX. LR , (26) 
d = (-nf 2 N^ LR )/(r N 2 -2n 2 f 2 ) 

35 

Figure 16(b) shows the interference bands, at the imaging surface 84a on the imaging element 84, of the returning 
light from the photoresist (PR) and the wafer (W) and it also shows that the dark interference bands 85 are formed in a 
concentric manner. In this example, a rectangular detection region 84b, which is centered on the optical-axis on imaging 
surface 84A. is designated and the imaging signal corresponding to image intensity in the detection region 84b, is 

40 sequentially summed in the short edge direction. The summed image signal is shown as a function of the y-axis where 
the setting axis pass through the optical-axis on the imaging surface 84a and is parallel to the long side of the detection 
region 84b as the y-axis, and the origin of the y axis at the optical-axis. 

Figure 16(a) shows imaging signal ST summed in such manner and the positions of dips in the imaging signal ST 
in Figure 16 (a) y 0 , y-i . y<i*. y2. Vi* •■■ on the y-axis correspond to the positions of the dark interference bands described 

45 above. Therefore, the radius of the dark interference bands r 1p r 2 , .... r N for the first, second Nth dark interference 

band is calculated and these radii are entered into equation (26) so that the photoresist thicknesses d 1? d 2 d N are 

calculated and the averaged value of N number of thicknesses becomes the final thickness d. Thus the averaging effect 
is obtained and the thickness d of the photoresist (PR) is obtained at a high accuracy. 

If the photoresist (PR), as shown in Figure 14, which is the measurement object, is thin there becomes a need to 

so select a light of short wavelength for measurement light LR, such that the photoresist (PR) would be not be sensitized. 
In this embodiment, when KrF excimer laser light with wavelength of 248 nm is used as exposure illumination light (IL), 
the use of an i-line with wavelength of 365 nm from the mercury lamp can be considered for use as the measurement 
light LR. However, the He-Ne laser light (wavelength 633 nm) can also be used as the measurement light LR. Note 
there is a need to use large numerical aperture for objective I ns 83. Furthermore, while this embodiment detects dark 

55 interference bands there may be a need to detect bright interference bands when the photoresist (PR) is thick 

Next, an example of operation for controlling the exposure quantity by measuring the resist thickness on the wafer 
using the resist thickness measurement device 46 of this invention will be described. The thickness variation (coating 
unevenness) of the photoresist on the wafer differs depending on the management condition of the photoresist, and this 
will be described using the following classification. 
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First. Figure 17 shows a case where there is thickness unevenness (coating unevenness) in the photoresist (PR) 
on the wafer (W). When the photoresist (PR) is thin as indicated in Figure 1 7, the ratio of thickness unevenness against 
the average value of the thickness of the photoresist becomes large so that the target value for integrated exposure 
quantity may need to be modified locally. Therefore, when the photoresist is thinly coated on a single wafer and gradual 
thickness unevenness exit, there is a need to measure resist thickness for each shot area on the wafer using resist 
thickness measurement device 46. 

In practice, as indicated in Figure 18 (b) ( when the focus position at the central measuring point AF2 in the exposure 
target shot area SA, is measured using the focus position detection system 48. the resist thickness can be measured 
using resist thickness measurement device 46. at film thickness measurement point RD2 near the measurement point 
AF2, and this value is supplied to the main control unit 29. In this case, the main control unit 29, of Figure 1 already has 
obtained the target value for integrated exposure quantity E 0t for resist thickness d 0 which is to be the standard, and if 
the difference from the standard value d 0 for the resist thickness dj measured at i-th'shot area is given as A d j( then the 
target value for integrated exposure quantity E jean be obtained from equation (27). 

E i = E 0 + E 0 (Ad i /d 0 ) ( 27) 

This target value Ei, for the integrated exposure quantity, is supplied to the exposure quantity control system 31 
which controls the beam attenuation rate at beam attenuation unit 2 depending upon the target value Ej. 

If there are differences in the resist thickness between the manufacturing lots, the resist thickness is measured at 
multiple points on the leading wafer for the manufacture lot. and the average resist thickness d for the lot is obtained by 
averaging the measurement result. Next, the target value for the integrate exposure quantity for the wafer in the lot can 
be determined based on the difference between the resist thickness d and standard resist thickness. Also, when there 
is difference in resist thickness between the wafers in the same lot, the resist thickness can be measured during the 
search alignment step when the approximate position matching is carried out for each wafer. Additionally, during the 
search alignment step, the focus position at the designated measurement point is measured using the focal position 
detection system 48 in Figure 1 and the focal position is matched to the imaging plane at the measurement points using 
an autofocus method. 

Figure 1 8 (a) shows an example of the measurement point for the resist thickness when search alignment is carried 
out in such a manner where the measurement point for the autofocus focal position AF1 is set to the center of the wafer 
(W) and the measurement points for search alignment ALG1 and ALG2 are set at two locations on the wafer (W) sur- 
face and the marks for search alignment are formed at these measurement points ALG1 and ALG2. For example, posi- 
tion detection of the mark for search alignment can be carried out by the (FIA) system 51 A. in Figure 1. Furthermore, 
the resist thickness is measured at three film thickness measurement points RD1-RD3 surrounding the center of the 
wafer (W) where the resist thickness can be measured using resist thickness measurement device 46. using the aver- 
age of this measured value at the resist thickness of the wafer (W) and the exposure quantity controlled based on this 
resist thickness. 

Note that if the variation in the resist thickness is large it is desirable to control the exposure quantity within a single 
shot area based on the resist thickness. While it is difficult to control the exposure quantity locally in a collective expo- 
sure method, but for the scanning exposure method such as this embodiment, it becomes possible to carry out an expo- 
sure while correcting the exposure quantity by reading-ahead the resist thickness distribution within a single shot 
region. Therefore, the resist thickness should be read-ahead on measurement points at multiple rows within each shot 
area by equipping the multiple (e.g. 3) resist thickness measurement devices which would be the same as the resist 
thickness measurement device 46. 

Figure 18(c) shows an example of film thickness measurement point when the resist thickness is read-ahead dur- 
ing such a scanning exposure. In Figure 18(c). the shot area SA on the wafer is scanned, for example, in the +Ydirec- 
tion against the slit-like exposure area 33 during scanning exposure. The focal position is then measured at multiple 
measurement points, including the measurement position AF3 in the center of the exposure area 33, by the focal posi- 
tion detection system 48, in Figure 1, and, at the same time, on film thickness measurement points RD5, RD6, and 
RD7, which precedes the exposure area 33,the resist thickness is measured at a designated sampling period using the 
resist thickness measurement device similar to resist thickness measurement device 46, in Figure 1. In this case, the 
averaged value of the resist thickness measured at the three film thickness measurement points RD5-RD7,' are 
obtained as a function relating the position of the applicable shot area SA in the Y-direction. As the shot area SA moves 
in the Y-direction the exposure quantity is controlled by the exposure quantity control system 31 , in Figure 1 based on 
the resist thickness at position Y. 

In order to respond accurately to the variation in the resist thickness within the shot area SA, the illuminance distri- 
bution in the non-scanning direction (X-direction) for the illumination light (IL) illuminating the reticle (R), in Figure 1 , can 
be controlled, in addition to controlling the exposure quantity based on the shot area SA position in Y-direction. In other 
words, of the three film measurement points RD5, RD6 ( and RD7 ( if the resist thickness at the edge section film thick- 
ness measurement point RD5 is thicker than the other measurement points (i.e. the necessary exposure quantity is 
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large), it is desirable that the illuminance of the illumination light be increased in the vicinity of this thickness measure- 
ment point RD5. When the illuminance distribution of the illumination light is controlled somewhat in the non-scanning 
direction, the illuminance distribution correction plate 9, in Figure 1, is used. Since this illuminance distribution correc- 
tion plate 9 is placed in the vicinity of the pupil plane of the pattern formation surface of the reticle (R), the illuminance 

5 distribution on the reticle (R) can be controlled by controlling the illuminance distribution depending on the inclination 
angle in the non-scanning direction of the illumination light 

Figure 19(a) indicates that the illuminance distrfoution correction plate 9 is placed in the optical path of the illumi- 
nation light emitted from the flyeye lens 7 (or input optical system 5B), in Figure 1. The up-down direction along the 
sheet surface on Figure 19(a) is the direction corresponding to the non-scanning direction (X-direction ) of the wafer, 

10 while the illuminance distribution correction plate 9 comprised of parallel plate glass is supported so that it can rotate 
freely around the axis normal to the sheet surface of Figure 19(a). It is so composed that its rotational angle O (which 
is=0 when it is parallel to the X-direction) around its axis is controlled by the illumination system control system 32. 

In Figure 19(a) illumination lights IL-, and IL 2 are considered, which are inclined at angles 4>o and 4>i (4>i > 4>o) in the 
X-direction from the illumination light IL^ .which is along the optical-axis of the illumination optical system. It is also 

75 assumed that illumination light IL 1 whose angle <t» 1 is the equation to <x>, is at a normal incidence to the illuminance dis- 
tribution correction plate 9. In general, since the transmission rate decreases as the incidence angle increases for par- 
allel plate glass the transmission rate for illuminance distribution correction plate 9 changes for illumination light ILo-IL 2 . 

Figure 19 (b) shows the transmission rate for the illumination light by illuminance distribution correction plate 9, 
where the horizontal axis shows the inclination angle in the non-scanning direction (x-direction) of the illumination light 

20 which is incident on illuminance distribution correction plate 9, while the vertical axis shows the transmission rate T (%) 
for the illumination light at that inclination angle <|>. The illumination light where the inclination angle 4> is 0, ifo, and <h 
correspond to the illumination light ILq, IL 1t in Figure 19 (b), and IL 2 in Figure 19 (a). In this case, since the illumination 
light IL 2 is injected normal to the illuminance distribution correction plate 9, the transmission rate T for the illumination 
light IL 2 becomes the highest and the illuminance for illumination light IL 2 becomes the largest. Therefore, by rotating 

25 the illuminance distribution correction plate 9 at the inclination angle in matching the direction where the maximum illu- 
minance of the illumination light is desired the illuminance of the illumination light in that direction can be maximized. 

Since the wafer is scanned in the Y-direction for the exposure region, the variation in illuminance distribution of the 
illumination light in the scanning direction (Y-direction) does not become a problem. However, the illuminance distribu- 
tion can be controlled by inclining the illuminance distribution correction plate 9 in the Y-direction as well according to 

30 necessity. 

As described above, this embodiment measures the thickness of the photoresist or its distribution and controls the 
exposure quantity according to its thickness so that even when the photoresist is only thinly coated, an appropriate inte- 
grated exposure quantity can be given for that photoresist Measurement of the resist thickness on the wafer is carried 
out during search alignment measurement, autofocus measurement or scanning exposure and there is no time set 
35 aside specifically to carry out resist thickness measurement, so that no reduction in throughput of the exposure process 
(productivity) results. 

In the above example, the resist thickness measurement device 46, which measures the resist thickness, is placed 
within the projection exposure device. It is also possible to measure the resist thickness using a resist thickness meas- 
urement device placed in the middle of the path as the wafer is being transported from the resist coater to its projection 

40 exposure device, entering this value online or manually into the memory of the main control unit within the projection 
exposure device as a data file, and controlling the integrated exposure quantity based on that information. 

While the illuminance of the illumination light (integrated exposure quantity) is corrected optically using beam atten- 
uation unit 2, in the embodiment described above, it can also be corrected by changing the exposure pulse number or 
the pulse energy of the KrF excimer laser light source 1 as the exposure light source for each point on the wafer. Oth- 

45 erwise, the integrated exposure quantity can also be controlled by controlling the width in the scanning direction of the 
slit-like illumination region 33 on the reticle (R) by driving the fixed field diaphragm 18 or movable field diaphragm 20. 
Furthermore, the integrated exposure quantity can also be minutely adjusted by changing the scanning speed. 

This invention is not limited only applicable to cases where exposure is carried out using projection exposure device 
of step-and-scan method, but also is used where exposure can be carried out using a collective exposure method such 

so as a stepper. In other words, even for the collective exposure method, the resolution can be improved and the condition 
regarding the permissible range of the depth of focus satisfied by making the resist thickness thinner and increasing the 
numerical aperture of the projection exposure system by measuring the resist thickness to obtain the optimal integrated 
exposure quantity. Thus, this invention is not limited to the embodiments described above, but can take variety of com- 
positions within the range of the substance of this invention. 

55 According to the third exposure method of this invention, since the integrated exposure quantity is controlled 
according to the thickness of the photosensitive material coated on the circuit board, the optimal integrated exposure 
quantity can be given for the photosensitive material based on the measured thickness even when the photosensitive 
material is made thin and variation exist in the thickness of the photosensitive material within the circuit board, between 
the circuit boards, or between lots. Also, when the projection exposure system is used, the condition regarding the per- 
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missible range of the depth of focus is still satisfied even when the numerical aperture of the projection exposure system 
is increased when the resist thickness is made thinner. Therefore, there is a benefit in that the resolution of the pattern 
to be transferred can be improved without making the exposure illumination light wavelength shorter by increasing the 
numerical aperture and making the photosensitive material thinner. Furthermore, this invention provides an optimal 

5 integrated exposure quantity even if the thickness varies when the photosensitive material is made thinner. 

There is also a benefit in that the optimal integrated exposure quantity can be easily calculated even when there is 
a variation in the thickness of the photosensitive material by storing in memory the optimal integrated exposure quantity 
obtained beforehand, for the photosensitive material, at a designated standard thickness corresponding to the mask, 
by calculating the difference of the thickness of the photosensitive material from the designated thickness and by setting 

10 the integrated exposure quantity of the exposure illumination light based on this difference. 

If the transfer pattern on the mask is projection exposed onto the circuit board by the projection exposure system it 
is possible to transfer with high accuracy a circuit pattern corresponding to the next generation of semiconductor 
devices. This is accomplished by making the thickness of the photosensitive material coated on the circuit board 0.5 *im 
or less and setting the numerical aperture of the projection exposure system to 0.68 or greater, without shortening the 

is wavelength for the exposure illumination light. In other words, it becomes possible to form patterns corresponding to the 
next generation 256 M-bit DRAM using the Mine of the mercury lamps, patterns corresponding to a 1 G-bit DRAM using 
KrF excimer laser light, and patterns corresponding to a 4 G-bit DRAM using an ArF excimer laser light. 

According to the fourth exposure method of this invention, since the control of switching of the numerical aperture 
of the projection exposure system is carried out based on the thickness of the photosensitive material coated on the 

20 circuit board, the resolution can be improved and the condition regarding the permissible range of the depth of focus 
satisfied by increasing the numerical aperture when the photosensitive material is thin. There is the benefit of being able 
to deal with the pattern at different resolution by decreasing the numerical aperture and carrying out the transfer at a 
low resolution when the photosensitive material is thick. For example, by setting the numerical aperture to 0.7 or greater 
when the thickness of the photosensitive material is 0.2 urn or less, or setting the the numerical aperture to 0.6 or less 

25 when the thickness of the photosensitive material is 1 .0 jim or greater, it can deal with two generations of semiconduc- 
tor devices can be accommodated by the optical prosecution system. Thus, it becomes possible to form a pattern cor- 
responding to two generations of semiconductor devices with one exposure device without changing the wavelength of 
the exposure illumination light so that the process management for the exposure device previously carried out for a sep- 
arate line can be reduced to just one device. Therefore, process management becomes easier and the process man- 
30 agement time is shortened so that the throughput for the exposure process is increased. 

It will be apparent to those skilled in the art that various modifications and variations can be made in the projection 
exposure apparatus and method of the present invention without departing from the spirit or scope of the invention. 
Thus, it is intended that the present invention and the modifications and variations of this invention provided they come 
withing the scope of the appended claims and their equivalents. 

35 

Claims 

1 . A projection exposure method comprising the steps of: 

40 illuminating a pattern formed upon a mask with an illumination light; 

exposing the image of the pattern of the mask under the illumination light onto a photosensitive surface; and 
selectively switching between a normal illumination condition and a modified illumination condition based upon 
a numerical aperture of the projection system; 

wherein the normal illumination condition occurs when a light quantity distribution at an illumination pupil plane 
45 is in a first region including an optical-axis, and the modified illumination condition occurs when the light quan- 

tity distribution at the illumination pupil plane is in a second region not including the optical-axis. 

2. A projection exposure method comprising the steps of: 

50 illuminating a formed upon a mask with an illumination light; 

exposing a substrate with the image of the pattern of the mask under the illumination light; 

changing a numerical aperture of the projection system; and 

switching an illumination condition between multiple illumination conditions; 

wherein a normal illumination condition occurs when a light quantity distribution at a pupil plane is in a first 
55 region including an optical-axis, and a modified illumination condition occurs when the light quantity distribution 

at the pupil plane is in a second region not including the optical-axis. 

3. The projection exposure method of claim 2, wherein the step of switching the illumination condition further com- 
prises: 
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splitting the illumination light for exposure into a first and a second luminous flux by a luminous flux splitting 
system ; 

spreading a cross section of the first luminous flux in a ring shape using a first luminous flux magnification sys- 
tem; 

s a second luminous flux magnification system for spreading a cross section of the second luminous flux in a ring 

shape using; and 

synthesizing the luminous flux from the first and second luminous flux system in front of the illumination pupil 
plane using a luminous flux synthesis system; 

wherein the switching of the illumination condition guides the luminous flux synthesized in the luminous flux 
10 synthesis system to the illumination system pupil system and carries out an annular illumination when the mod- 

ified illumination condition is set 

4. A projection exposure method comprising the steps of: 

illuminating a transfer pattern and forming an image of the transfer pattern upon a mask for exposure from an 
illumination light 

transfer exposing on a photosensitve circuit board, from an illumination light; 

detecting an image of a position matching mark on the photosensitive substrate under the illumination light; 
position matching and aligning the photosensitive substrate based on a detection result; transferring the image 
formed on the mask and exposing the photosensitive substrate under the illumination light; 
switching an alignment optical system between two detection conditions based upon a numerical aperture of 
the illumination light; 

wherein the projection exposure system method includes with two condition detectors for detecting, a normal 
condition in which an imaging luminous flux is uniformly transmitted on an alignment system pupil plane; and 
detecting an outline emphasis condition in which outline emphasis is carried out by transmitting the imaging 
luminous flux at a designated distribution on the alignment system pupil plane. 

5. The projection exposure method of claim 1, wherein the illumination pupil plane is an optical Fourier conversion 
surface of a pattern surface of the mask in an illumination optical system. 

30 

6. The projection exposure method of claim 2. wherein the illumination pupil plane is an optical Fourier conversion 
surface of a pattern surface of the mask in an illumination optical system. 

7. The projection exposure method of claim 4, wherein the illumination pupil plane is an optical Fourier conversion 
35 surface of a pattern surface of the mask in an illumination optical system. 

8. A exposure method as described in claim 4, which is characteristic in that the detection method is set for outline 
emphasis of the alignment optical system when the numerical aperture of the projection exposure system is set to 
0.68 or greater, and which is set to the normal detection condition when the numerical aperture of the projection 

40 exposure system is set to 0.6 or less:' , 

9. A projection exposure method comprising the steps of: 

exposing a substrate coated with a photosensitive material with the image of a mask pattern under an iliumi- 
45 nation light; and 

controlling an integrated exposure quantity of the exposure illumination light according to a thickness of the 
photosensitive material. 

10. The exposure method according to claim 9, further comprising the steps of: 

storing in memory an optimal integrated exposure quantity of he photosensitive material at a designated stand- 
ard thickness corresponding to the mask; 

calculating a difference of the thickness of the photosensitive material from a designated thickness previously 
stored in the memory; and 

setting the integrated exposure quantity of the exposure illumination light based on the calculated difference. 

11. A projection exposure method according to claim 9, wherein the thickness of the photosensitive material is less 
than 0.5 itm, and a numerical aperture of the projection exposure system is 0.68 or larger. 
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12. An exposure method according to claim 10, wherein the thickness of the photosensitive material is less than 0.5 
jim, and a numerical aperture of the projection exposure system is 0.68 or larger. 

13. A projection exposure method comprising the steps of: 

5 

illuminating a pattern of a mask by an illumination light; and 

controlling a switching operation of a numerical aperture of the projection exposure system according to a 
thickness of the photosensitive material coated on the substrate. 

io 14. A projection exposure apparatus, comprising: 

means for illuminating a transfer pattern and forming an image of the transfer pattern upon a mask for exposure 
from an illumination light; 

means for transfer exposing the image of the pattern of the mask under the illumination light onto a photosen- 
15 sitive surface; and 

means for selectively switching between a normal illumination condition and a modified illumination condition 
based upon a numerical aperture of the illumination light; 

wherein the normal illumination condition occurs when a light quantity distribution at an illumination pupil plane 
is in a first region including an optical-axis, and the modified illumination condition occurs when the light quan- 
go tity distribution at the illumination pupil plane is in a second region not including the optical-axis. 

15. A projection exposure apparatus, comprising: 

means for illuminating a transfer pattern and forming an image of the transfer pattern upon a mask for exposure 
25 from an illumination light onto a photosensitive surface; 

means for transfer exposing the image of the pattern of the mask under the illumination light; 

means for switching a projection condition for changing a numerical aperture of the illumination light; and 

means for switching an illumination condition between multiple illumination conditions; 

wherein a norma! illumination condition occurs when a light quantity distribution at an illumination pupil plane 
30 is in a first region including an optical-axis, and a modified illumination condition occurs when the light quantity 

distribution at the illumination pupil plane is in a second region not including the optical-axis. 

16. The apparatus of claim 15, wherein the illumination condition switching further comprises: 

35 a luminous flux splitting system which splits the illumination light for exposure into a first and a second luminous 

flux; 

a first luminous flux magnrf ication system for spreading a cross section of the first luminous flux in a ring shape; 
a second luminous flux magnification system for spreading a cross section of the second luminous flux in a ring 
shape; and 

40 a luminous flux synthesis system which synthesizes the luminous flux from the first and second luminous flux 

system in front of the illumination pupil plane; 

wherein the switching of the illumination condition guides the luminous flux synthesized in the luminous flux 
synthesis system to the illumination system pupil system and carries out an annular illumination when the mod- 
ified illumination condition is set. 

45 

17. The apparatus of claim 14, wherein the illumination pupil plane is an optical Fourier conversion surface of a pattern 
surface of the mask in an illumination optical system. 

18. The apparatus of claim 15, wherein the illumination pupil plane is an optical Fourier conversion surface of a pattern 
so surface of the mask in an illumination optical system. 

19. A projection exposure apparatus, comprising: 

means for illuminating a transfer pattern and forming an image of the transfer pattern upon a mask for exposure 
55 from an illumination light 

transfer exposing on a photosensitve circuit board, from an illumination light; 

means for detecting an image of a position matching mark on the photosensitive substrate under the illumina- 
tion light; 

means for position matching and aligning the photosensitive substrate based on a detection result; 



29 



BNSDOCID: <EP 0811 881 A2_l_> 



EP0 811 881 A2 



means for transferring the image formed on the mask and exposing the photosensitive substrate under the illu- 
mination light; 

means for switching an alignment optical system between two detection conditions based upon a numerical 
aperture of the illumination light; 
5 wherein the projection exposure system apparatus includes with two condition detectors for detecting, a nor- 

mal condition in which an imaging luminous flux is uniformly transmitted on an alignment system pupil plane; 1 
and 

means for detecting an outline emphasis condition in which outline emphasis is carried out by transmitting the 
imaging luminous flux at a designated distribution on the alignment system pupil plane. 

10 

20. An projection system exposure apparatus, comprising: 

means for transferring a transfer pattern by an exposure illumination light onto a mask; 
means for transfer exposing the transfer pattern onto a circuit board coated with a photosensitive material 
is under the exposure illumination light for exposure; and 

means for controlling an integrated exposure quantity of the exposure illumination light according to a thickness 
of the photosensitive material coated on the circuit board. 



21. The apparatus of claim 20, further comprising: 

20 

storing in memory an optimal integrated exposure quantity of the photosensitive material at a designated 
standard thickness corresponding to the mask; 

means for calculating a difference of the thickness of the photosensitive material from a designated thickness 
previously stored in the memory; and 
25 means for setting the integrated exposure quantity of the exposure illumination light based on the calculated 

difference. 



22. The apparatus of claim 20, wherein the thickness of the photosensitive material is less than 0.5 *im and a numerical 
aperture of the projection exposure system is 0.68 or larger. 

30 

23. An exposure method according to claim 21, wherein the thickness of the photosensitive material is less than 0.5 
urn, and a numerical aperture of the projection exposure system is 0.68 or larger. 

24. A projection exposure apparatus, comprising: 

35 

means for transferring a transfer pattern by an exposure illumination light onto a mask; 

means for transfer exposing the transfer pattern onto a circuit board coated with a photosensitive material 

under the exposure illumination light for exposure; and 

means for controlling a switching operation of a numerical aperture of the projection exposure system accord- 
40 ing to a thickness of the photosensitive material coated on the circuit board. 

25. A projection exposure method for exposing a substrate within image of a mask through a projection exposure sys- 
tem, the method comprising the steps of: 

45 changing a detecting condition for detecting a mark formed on a substrate based on a numerical aperture of 

the projection exposure system;, . 

detecting the mark of the substrate under the changed condition; and 
aligning the substrate based on the detection result. 

so 26. A projection exposure method for exposing a substrate with an image of a mask, the method comprising the steps 
of: 



changing a detecting condition for detecting a mark formed on a substrate according to a thickness of a pho- 
tosensitive material coated on the substrate; 
55 detecting the mark of the substrate under the changed condition; and 

aligning the substrate based on the detection result. 

27. A projection exposure method for exposing a substrate with an image of a mask, the method comprising the steps 
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changing an illumination condition for said mask pattern based on a thickness of a photosensitive material 
coated on a substrate; and 

illuminating said mask under the changed condition so that an image of the mask pattern is projected onto the 
substrate. 

5 

28. A projection exposure method for exposing a substrate with an image of a mask through a projection exposure sys- 
tem, the method comprising the steps of: 

changing an illumination condition for detecting a mark formed on a substrate based on a numerical aperture 
io of the projection exposure system; and 

illuminating the mask pattern under the changed condition so that a image of the mask pattern is projected 
onto the substrate. 

29. A projection exposure method for exposing a substrate with an image of a mask pattern through a projection optical 
is system projecting a mask pattern onto the substrate, the method comprising the steps of: 

determing a depth of focus of a projection exposure system in accordance with a thickness of a material coated 
on a substrate treated by a planarization process; 

adjusting an exposure condition for exposing the substrate in accordance with the determined depth of focus; 
20 and 

exposing the substrate with an image of a mask pattern under the adjusted exposure condition. 
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